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Preface 



Thi3 report is an historical overview of the activities at 
Stanford University supported by this grant. The grant’s original title was: 
Explorations in Exobiology - Cytochemical Studies of Planetary 
o,i :roorganisms, A Program of Research at Stanford University." The report 
Ln? iscusses relevant work supported by other resources which either 

contributed to the goals of this grant or which were an outgrowth of this 


_ anni , fe . ,f or of the resear ch the reader is referred to the annual 

reports and the publications that originated from this grant. 
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Introduction 


Since Professor Joshua Lederberg's Ideas were the seminal force 
that underlay the origin and growth of all these activities. It Is appropriate 
to start this historical review with two memos that Illustrate his early 
Interest In the space program. This first memo expresses his ooncerns with 
contamination policy. 

LUNAR BIOLOGY? 


If the launching of a moon-bound satellite is 
within the Imminent reach of present day technology, 
biologists should Join with other scientists in giving 
some forethought to the implications of this accom- 
plishment for their own science. That little or nothing 
has been said about this subject so far may be put down on 
the one hand to the probability that lunar conditions are 
incompatible with any form of continued life, on the other 
to the too visionary context of such speculations. 

However, if a lunar satellite is a near 
reality in fact, it is unrealistic not to anticipate it. 

There is at least one important issue that 
requires advance planning if a unique opportunity is not 
to be confounded or lost. This is whether or not the 
meteoritic dust which supposedly covers the surface of the 
moon contains visible spores. Although the most likely 
origin of such spores would be terrestrial escapes, e.g. 
from volcanic catastrophes, the possibility of a small 
fraction of them remaining viable would be the most direct 
empirical test of Arrhenius' biospore theory which 
hitherto has had to remain befogged by pure speculation. 

Without forethought, satellites may be sent 
to crash on the moon without any care to eliminate or 
minimize the artificial contamination by bacterial spores, 
etc., that they may carry with them. It will probably be 
many years longer before we can retrieve samples from the 
moon's surface, and by then it may no longer be possible 
to Judge whether spores can achieve as well as survive 
interplanetary transit by natural agencies. 


This is only one issue; others may arise. My 
orincipal conclusion is that the responsible agencies of 
the U.S. and other governments should have the advice of 
an expert committee to deal with questions of extra- 
terrestrial biology, as they already have on innumerable 
aspects of the physical sciences. 

Joshua Lederberg 
University of Wisconsin 
December, 1957 

* Dr. Lederberg joined the Stanford faculty in February 1959. 


The second retrospective memo, dated January 2, 1976, recalls his 
early interests. 


MEMO ON INITIAL INTEREST IN PLANETARY QUARANTINE 

I thought I had committed this to type long 
since but failing to find that purported record, I thought 
I had better dictate a fresh note. 

Sputnik was launched on October 4, 1957. At 
that time I was visiting Melbourne on a Fulbright 
lectureship. As it happens. Sputnik was for some time 
observable only from the southern hemishere and we were 
lucky to get an early look at it within a day or so of its 
launch. The excitement that this event generated 
throughout the world is well documented in the press and 
corresponds to my own vivid recollection. I had, I should 
stress, long since been interested in speculations about 
planetary life in the light of their relationship to the 
problem of the origin of terrestrial life. So, I had been 
following the course of rocket technology with some 
moderate but not intense interest up to that point. It 
seemed obvious to me that this launch would be followed 
very, very quickly by rapid further technological progress 
and I began to think immediately of the implications for 
planetary traffic. 

In early November we left Australia on an 
itinerary that would take us to visit Haldane in Calcutta 
for a round-the-world return to Madison, Wisconsin. 

Fortunately, I have been able to find a 
letter to Haldane (dated February 1959) which helps to 
document my personal recollection of that experience. I 
also have a fragment of another letter to James F. Crow 
which corroborates that impression. These documents are 
attached. 


The night of our arrival was the occasion of 
a lunar eclipse which was regarded as an important 
religious festival in Calcutta. It was also the occasion 
for a good deal of dinner table conversation (besides the 
Haldanes, Rana Mahalanobis, there were one or two other 
guests including a herpetologist, I believe, oalled 
Patterson). Many members of the group were quite strongly 
pro-Soviet in their inclinations and they were almost 
gleeful at the prospect that the Soviet Union would follow 
up its October 4th triumph with another launch perhaps 
even directed at the moon during the lunar eclipse. So, 
we even stayed up to see if there would be such a 
demonstration although we were well aware of the physical 
difficulties of arranging for something that could be 
visible from earth. That occasion led me to think very 
sharply about the extent to which political motives would 
outweigh scientific ones in the further development of the 
space program - which is of course precisely what has 
happened to a very large measure. 

As soon as I returned to Madison, I began to 
think what ought to be done about the situation and I 
drafted a number of letters and memoranda, eventually 
directing them to the National Academy of Sciences, urging 
a more deliberate look at the problem. These documents 
are also attached. 

The consequences of these initiatives, as are 
well documented now in the official history, were the 
establishment by NAS of an official position on the 
question of quarantine, some encouragement to the 
formation of Cetex, and some support for the establishment 
of one and then later two committees in the U.S. which 
came to be called Westex and Eastcx because of their 
geographical locales. (This was very much at ray own 
initiative since I was as uninterested in frequent 
transcontinental travel then as I am today.) 

These events preceded the official 
reconstruction of NASA from the NACA, which tended to give 
the NAS a remarkable degree of influence in establishing 
our preliminary policy. 

Once these committees were established I did 
not feel there was a great deal more that I needed, or 
indeed would be able to do, about the situation; but I did 
accept membership on a number of the related panels. In 


due oourse I felt that 1 had to respond to the 
challenges of planetary bllogy In a more constructive way 
than merely to attempt to dampen exploration in the name 
of the contamination problem. So I have been a member of 
advisory groups to NASA sinoe that time, including the 
Space Soience Board; I have also undertaken technological 
development programs in my own laboratory that were 
intended to lay the groundwork for planet-based biological 
investigation and to assist in offering wise critical 
counsel about national policies. In that vein I have been 
a member of the Mariner and now of the Viking experimenter 
teams. 


In addition, the technological orientation of 
these efforts - which was very different from my 
scientific work up to that time - led in a very direct 
fashion to my interests in the uses of computers in 
scientific methodology and eventually to my current 
interests and activities in artificial intelligence. 

Joshua Lederberg 
Chairman and Professor 
Department of Genetics 
Stanford University 
JANUARY 2, 1976 


I. Early History 


1959 


The first expression of interest in the possibility of reoeiving 
support from NASA for work in the Genetics Department at Stanford University 
is contained in a letter to Dr. Robert Jastrow, Chief, Theoretical Division, 
NASA, dated March A, 1959 (Attachment 1). This letter expresses interest also 
in getting some help from a young astronomer at Yerkes-Madison named Carl 
Sagan. 


Correspondence with Dr. G.F. Schilling, Chief, Astronomy and 
Astrophysics Program, NASA, dated March 25, 1959, included as an attachment 
notes entitled "Preliminary Studies in Planetary Biology" (draft copy — 
Attachment 2). These contained a further elaboration of the notion that 
Stanford's Genetics Department might become involved in the space program. 

This was responded to by a letter from Nancy G. Roman, Head, Observational 
Astronomy Program, Office of Space Science, NASA, asking for a more detailed 
specific program. 

Correspondence with Jastrow, dated December 10, 1959 (Attachment 
3: This refers to a memorandum of November 25 which is not found in our files) 
mentions the difficulties that NASA has organizing its exobiologieal program. 
Lederberg had requested $25,000 from the Rockefeller Foundation and received 
$10,000 for preliminary support. Lederberg expresses the hope that NASA 
support will start in fiscal 1951 at a level of $40,000 per year through 
fiscal 1963. 


These activities parallel a NAS developing involvement with the 
Space Science Board on the part of Professor Lederberg. 

Lederberg was a founder of WESTEX, a group of West Coast 
biologists interested in the biological exploration of the planets. This 
group complemented a similar group centered at Massachusetts Institute of 
Technology (EASTEX). These groups convened at the request of Dr. Bruce Rossi 
of the Space Science Board (SSB). The MIT group met December 4 and 19-20, 
1958. WESTEX met February 21, March 21, May 2-3 and in September of 1959. 

The primary initial concern was policy questions dealing with the problems of 
contamination and planetary quarantine and to provide advice to the SSB in 
preparation for meetings of CETEX and COSPAR at the Hague, March 9, 1959. The 
groups also considered the constructive aspects of research in exobiology. 

The quarantine issues and the history of their consideration are reviewed in a 
book edited by Lawrence B. Hall "Planetary Quarantine", Gordon and Bracher, 
1971. (This material also appeared in Vol. 1, No. 1 and 2, 1971, 

Environmental Biology and Medicine.) The summary report of WESTEX, February 
21, 1959 to September 1959, to the SSB of NAS contains an interesting 
discussion of the experimental aspects of exobiology. Memorandum SSB 93, 
dated May 27, 1959, gives the ideas of EA'T'X generated at their December 1958 
meetings regarding the problems of detecting extraterrestrial life. 

A memorandum to the SSB, submitted October 10, 1959 by Professor 
Lederberg, "Ten Year Program in Space Science", is included as Attachment 4. 
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I960 


The general principles of exobiology as an experimental science 
were laid down in a paper given by Lederberg at the First International Space 
Science Symposium sponsored by COSPAR (Committee on Space Research) held at 
Nice in January I960 (Attachment 5). 

Following conversations at Nice, Jastrow expressed strong support 
for developmental work on planetary biology experiments in his letter to 
Lederberg dated January 28, I960 (Attachment 6). This was followed by a 
letter from Lederberg to Dr. Homer Newell, Deputy Director for Space Scienve, 
NASA, dated February 2, 1960 (Attachment 7) which Included a tentative budget 
for fiscal 1961 of $40,875 and an outline of a proposal entitled "Cytochemioal 
Studies of Planetary Microorganisms." 

This elicited an immediate response from Newell (Attachment 8) on 
February 10, I960, stating that he was forwarding Lederberg* s letter to the 
appropriate officer for action. On March 11, Lederberg received a letter from 
Dr. Clark T. Randt, Director, Office of Life Sciences (Attachment 9) stating 
that the grant application had been favorably considered and that formal 
approval would be forthcoming. This was followed by a letter on March 30, 
I960, to Mr. William Willner, Procurement Officer, NASA (Attachment 10), with 
a formal budget of $37,605 for the period April 1, I960 to March 31, 1961 
based on the work outlined in the February 2, 1960 letter to Newell 
(Attachment 7). 

On April 15, Ernest W. Brackett, Contracting Officer, notified 
the University that Research Grant NSG-81-60 under the direction of Dr. Joshua 
Lederberg was awarded in the amount of $37,605 for the period April 1, I960 to 
March 31. 1961. This was accepted for the University by Prof. Albert 
H. Bowker, Dean, Graduate Division, on August 5, I960. 

At a meeting of the SSB on June 25, it was decided to consolidate 
advisory activities of the National Academy of Science in space research. 

This was done by a consolidation of the Bloastronautlca Committee within the 
SSB. Committee 14: Exobiology, a successor to the former committee 11, was 
organized with the same membership as WESTEX, including Prof. Lederberg. At 
the same tine NASA organized the Plosclence Advisory Committee to review 
operational proposals. 

An interesting memo orepared by Lederberg is included as an 
attachment. The memo "StBtus of Exobiology Program", September 4, 1960, 
places a strong emphasis on microbiology in planetary investigations 
(Attachment 11). 
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II. 

A. April 1, I960 - March 31# 1961 (A report covering this period 

is included as Attachment 12) 

During this preliminary period the initial staff was recruited 
and work was started on the development of a fast scanning 
microspectrophotometer using a digitized vidicon camera control. The concept 
was to observe the differential absorption of particles in the microscopic 
field, microorgannisms having characteristic absorption maxima in the region 
of 260-280 milimicron. 

The first progress report on work at Stanford in exobiology was 
submitted September 4, I960. This is included as Attachment 13 and contains 
an outline of a prototype for Martian soft landing. 

Attachment 14 (Medical Center Memo, Vol. 3. No. 2, January 25, 
1961) is a news release giving some views of this early work. 

The concept of the Multivator was also under development with 
work started on sensitive assays for the phosphatase enzyme. The Multivator 
was submitted as a proposal for a Mariner B Experiment Capsule. 

Efforts were also initiated on methods of microbial 
concentration. 

These ideas were discussed in a document (Attachment 15) 
"Explorations in Exobiology, Cytochemical Studies of Planetary Microorganisms 
A Program of Research at Stanford University". A letter to Homer Newell, 
November 4, I960 (Attachment 16), stresses the urgency in developing 
scientific hardware to carry out simple biological experiments. 

Dr. Elliott Levinthal joined the staff as Technical Manager in 
February of 1961 . 

On November 30, I960, an application for renewal and increase of 
scope of the grant was submitted to Dr. Freeman H. Quimby, Assistant Director 
Life Sciences, NASA. The amount requested was $386,200 for a three year 
period April 1, 1961 to March 31, 1964. This was subsequently revised to 
$380,640. The grant was awarded March 1961. 

The proposal (Attachment 17) focused on projected landings on 
Mars in the period 1964-67. The research was to be directed toward basic 
problems in the detection of microorganisms and their characterization with 
regard to the role of nucleic acids and proteins. It was anticipated that 
there would be benefits to terrestrial applications in science and medicine. 
The specific efforts on "Multivator" were to be coordinated with a NASA 
laboratory such as JPL. 

The possibility of collaboration with a NASA Life Science 
Laboratory that might be established in the Bay Area was also discussed. 


B. April 1, 1961 - February 28, 1962 


Attachment 18 is a report covering this work. 

This period was characterized by intensive work on the 
Multivator. This involved collaboration with George Hobby and Jerry Stewart at 
JPL. The conceptual notion was that the biological scientists would have a 
simpler interface to carry out space research: individual modules in a 
Multivator rather than the national space program. It is interesting to note 
that among the experiments considered possible to include in the Multivator 
were C 1 * 1 labelled nutrients and the observation of labelled CO^ by selective 
permeation as well as measurement of COp fixation. A great deal of work was 
done on the phosphatase catalyzed hydrolysis of a-naphthol phosphate and the 
use of fluorescein as a substrate. 

The electronics for a high-speed u-v microspectrophotometer were 
designed and constructed. Two engineers, Lee Hundley and Harrison Horn and a 
microbiologist. Dr. Larry Hochstein, joined the project. 

In April of 1961, President Kennedy asked Vice President Johnson 
to head a study to seek an area in which the U.S. can have a pioneering role. 

A letter (Attachment 19) to Johnson from Lederberg urges consideration of the 
Mariner B, a combined fly-by and Mars entry capsule. 

On May 12, 1961, Lederberg submitted to H. Newell, NASA, in 
collaboration with George Hobby and Jerry Stewart of JPL, a proposal for 
"Multivator" to be included in the Mariner B capsule (Attachment 20). 

On February 16, 1962, the University submitted an aplication to 
T.K. Smull of NASA for a facility grant of f '0,000 based on a proposal 
prepared by Lederberg and Levinthal (Attachment 21). These negotiations were 
concluded October 2, 1962, and resulted in a memorandum of understanding 
between Dr. J.F. Wallace Sterling, then President, Stanford University and 
James E. Webb, Administrator, NASA (Attachment 22). Vol. 4, No. 15, October 
10, 1962 of the Medical Center Memo (Attachment 23) features the public 
announcement of this grant. Occupation of these laboratories occurred in the 
beginning of 1966. The formal dedication ceremonies took place on May 26, 
1966. A memo from Levinthal to Robert G. Lindee, August 3, 1966 (Attachment 
24) outlined the initial steps that were taken to implement the memorandum of 
understanding. James Webb visited Stanford on October 29, 1966. Among the 
purposes of this visit (see letter October 18, 1966 of Smull to Dean Joseph M. 
Pettit, Attachment 25) was a review of the implementation of the memorandum. 
President Sterling's letter of February 6, 1967 to James Webb (Attachment 26) 
outlines the accomplishments in carrying out the purposes of the memorandum. 


C. MARCH 1, 1962 - APRIL 1, 1963 


During this period, the Instrumentation Research Laboratory (IRL) 
wa3 organized as a part of the Department of Genetics, The work during this 
period is covered by IRL, Status Report 1003. 
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Lee Hundley completed the breadboard design of the Mark I 
multlvator. Collaboration was initiated with Prof. J. Arnold in the 
Mechanical Design Department, Stanford University. This work was supported in 
part by this grant and in part by a contract with JPL (Contract 950-535). 

Work was continued on the fluorescent photophatase assays. 

J. Lundstrom joined IRL and started Investigations of membrane separation 
techniques that might be useful if a Gulliver-type experiment as proposed by 
G.V. Levin were incorporated in the Multivator. 

Further work continued on video scanning techniques. This 
closely related to work on A.F. Contract AF18C600) 1911 which had commenced 
June 1961 and continued until November 1964. This contract studied the 
application of video tracking techniques to the recognition of motile 
microorganisms in microscopic fields containing a large background of 
stationary particles. This work was largely carried out by N. Veizades who 
joined IRL in November 1962. This work is reported in detail in IRL Technical 
Report 1014, November 1, 1964, by Nicholas Veizades. 

Increased interest was expressed in exploiting the possibilities 
of computer technology as applied to the problem of exobiology. Collaboration 
was initiated by Prof. J. McCarthy of the Computer Science Department with 
arrangements to share access to a PDP-1 computer. IRL was selected to receive 
one of the computers in the LINC Evaluator Program. This general interest and 
the desire to compare a time-shared system (PDP-1) with a stand-alone computer 
(LINC) is expressed in a report entitled "An Instrumentation Crisis in 
Biology" (see Attachment 27, Appendix C of the IRL Status Report 1003). 

Digital microprocessors are becoming routine Just now in bioinstrumentation 
design. 


During this period the biochemistry group was joined by Dr. Elie 
Shneour (October 1962) and Dr. John Westley(September 1963). Dr. Hochstein 
left IRL to join Ames Research Center, NASA. Dr. Morton Mandel, a physicist, 
joined IRL in April 1963. 

Discussions concerning renewal of the grant for the period April 1964 
to June 30, 1966 were carried out with Drs. Orr Reynolds and Freeman Quimby 
of NASA Hdq. A supplement of $132,000 was requested and granted for the 
period April 1963 to March 31, 1964 (Attachment 28). This was to allow 
expansion of the program to the level envisaged under the NASA facilities 
grant (NSG [F]-?) and the purchase of image-reading components to be used 
with the PDP-1 computer. 


D. April 1, 1963 - September 1, 1964 


The period April 1, 1963 to March 31, 1964 is covered by IRL 
Status Report 101 3. 

This report period is marked by the publication of the monograph 
"Computation of Molecular Formulas for Mass Spectrometry" by J. Lederberg. 

This application of computers to high resolution mass spectrometry formed one 
of the major underpinnings of DENDRAL which has become one of the most 
successful application of Artificial Intelligence techniques, certainly m the 


9 


chemical domain, and which has spawned a host of important research 
activities. 


John Westley reported on stable and sensitive flourescein and 
napthol substrates for phosphatase assays (IRL Report 1010) and Jerry 
Lundstrom continued his work on membrane separation (IRL Report 1012). 

Dr. Barthold Halpern joined the Biochemistry Group of IRL in 
August 1964 and William Bonner the Engineering Group in November of 1963. 

A paper on the Multivator was presennted at COSPAR in Warsaw, 

June 1963, by Levinthal in addition to numerous other presentations and 
lectures on the Biological Exploration of Mars. 

The Winter 1963 issue of "Stanford Today" (Attachment 29) was 
devoted to exobiology. It contained an article by Lederberg "Life Beyond the 
Earth" and one by Levinthal "Payload to Mars", describing the Multivator. 

A public release on the Multivator is contained in Medical Center 
Memo Vol. 5, No. 14, September 15, 1963 (Attachment 30). 

Dr. Morton Mandel, using the NMR facilities at Varian Associates, 
studied the magnetic resonance of compounds of biological interest. These 
included 200 common 1-amino acids which were related to studies of spectra of 
ribonuclease, lysozyme and cytochrome C. Some of the first studies of 
phosphorous chemical shifts in polynucleotides as a means of end-group 
analysis of short chains were also carried out. 

Dr. Levinthal served as a member of the Biosciences Subcommittee 
of NASA. Prof. Lederberg, Drs. Shneour and Levinthal were members of a 
Steering Committee that directed an Exobiology Summer Study. Prof. Lederberg 
with Prof. Colin Pittendrigh served as co-chairmen of this study carried out 
under the auspices of the Space Science Board of NAS. This resulted in two 
books: "Biology and the Exploration of Mars", Publication 1296, NAS, NRC, 

1966, and "Extraterrestrial Life: An Anthology and Bibliography", Publication 
1296A, NAS, NRC, 1966. 

Further work with the Mechanical Enginering department continued. 
On June 16, 1964 a supplemental award of $62,984 was made to support 
"Investigation into the Mechanical Design and Miniaturization of a Multi- 
Chamber Life Detector." This covered work for the period February 1, 1964 to 
January 31, 1965 under the direction of Professor Peter Z. Bulkeley. 

On February 28, 1964, a proposed continuation of the grant was 
submitted with a budget of $485,120 for a one year period beginning April 1, 
1964. This was approved May 28, 1964. 

This proposal initiated intimate collaboration with Dr. 

Djerassi's mass spectrometry laboratory in the Chemistry Department. This 
collaboration contributed to the generation of many important papers listed in 
the annual reports of this grant. The budget included funds for the purchase 
of an Atlas CH-4 instrument. 
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The proposal inoluded two memoranda as attachments. One entitled 
"Signs of Life: A Survey of the Detection Problems in Exobiology" by 
Prof. Lederberg (Attachment 3D was the precursor of the paper "Signs of Life: 
Criterion-System of Exobiology", J. Lederberg, Nature, Vol. 207, No. 4992, 
pp. 9-13, July 3. 1965 (Attachment 32). The second was entitled "Some 
Comments on the Design Strategy of Instruments for Exobiological Explorations" 
by Elliott Levinthal (Attachment 33). 

A proposal to establish PLANETLAB as a spacecraft resource 
facility was made by Lederberg on 12/7/63 to Dr. Orr Reynolds and the 
Bioscience Subcommittee. PLANETLAB was to be assigned for development to a 
NASA laboratory or a subcontractor. 


E. September 1, 1964 - September 1, 1965 


IRL Report 1027 covers the period April 1, 1964 to September 1, 

1965. 

A report was submitted entitled "Multivator Design Studies" in 
September of 1965. The design work on a "one-step" multivator system was 
carried to the point which would permit rapid development of a final design 
specification should a mission requirement arise for such a device. A 
laboratory test unit was designed to study problems of a complex sequence 
associated with multi-step chemical processing. This accomodates a heat 
sterilizable binary substrate, stored in two separate components developed in 
IRL for the phosphatase assay. Optical design studies for miniaturized 
fluorometric assays were also carried out. 

Based on extensive work carried out by the Chemistry group under 
Dr. Halpern (see, for example, "Optical Resolution of D,L Amino Acids by Gas 
Chromatography and Mass Spectrometry, B. Halpern, J.W. Westley, I. von 
Wredenbergen and J. Lederberg, Biochemical and Biophysical Res. Com. Vol. 20, 
No. 6, 1965), a proposed experiment, "A Pasteur Probe" (IRL 1016 [Attachment 
34])was submitted to NASA on March 10, 1965. 

The Atlas CH-4 was installed in Dr. Djerassi's laboratory and 
played a role in producing seven papers related to natural products. 

A program was started on mass spectrometry image scanning modeled 
after a prototype by G. Slodzian and R. Castaing. Dr. Sidney Liebes 
Jr. headed this effort and was joined by Dr. G. Slodzian from the University 
of Paris for the initial development effort. 

The fundamental work on computerized mass spectrometry data 
interpretation led to the development of a language for representing organic 
molecules as free structures, hence dendr itic algorithm. DENDRAL-64 (see 
J. Lederberg, DENDRAL-64. A System for Computer Construction, Enumeration and 
Notation of Organic Molecules as Free Structures and Cyclic Graphs. Part 1" 
NASA CR-57029 STAR No. N65-13158, IRL 1036, 1964 and J. Lederberg "Topological 
Mapping of Organic Molecules" Proc. Nat. Acad. Sci. U.S. 53: 134-139 [1968]) 
were the first in a continuing series of papers and reports representing work 
that has continued to flourish. 
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In connection with the work on mass spectrometry a Bendix Time- 
of-FliRht (TOF) instrument was acquired and, as a method of gaining insight 
into the problems of computer control, was used to gather a comprehensive set 
of spectra of amino acids from solid samples. This was jointly supported by 
this grant and National Institute of Neurological Diseases and Blindness Grant 
NB-04270 and and Air Force Grant AF-AFOSA-886-65 . The results were submitted 
in IRL Report 1035. 

A proposed continuation of the grant was submitted January 20, 
1965, requesting $349,899 for the period of one year beginning April 1, 1965. 
This included $52,469 as funds for the Mechanical Design Department subtask 
under Prof. Bulkeley. 

This proposal deemphasized the further development of Multivator. 
The emphasis was on three areas: mass spectrometry, tests for the separation 
of asymetric carbon centers, and fluorometry. 

This proposal was accepted April 12, 1965. 


F. September 1, 1965 - April 1, 1966 


This period is covered in IRL Status Report 1050. 

A new neon light source was developed for the Multivator for use 
in the detection of 6,6' dihydroxy-napthofluoran (N.F.). This gave a 100-fold 
improvement to yield a lower limit of detection close to 10" 10 molar 
concentration of N.F. 

Work continued with Dr. Lubert Stryer of the Department of 
Biochemistry on the development of a fluorogenic substrate that could function 
for a broad array of enzymes. 

Also in collaboration with Dr. Stryer a nanosecond flash 
fluorometer was developed in IRL. This work is described in a progress report 
under Grant NGR-05-020-137 by Profs. A. Kornberg and L. Stryer. A major 
continuing research activity on the part of Prof. Stryer has developed from 
this initial effort. The following three references describe some of the 
results of this effort. 


Yguerabide, J. , Epstein, H.F. , and Stryer, L. , Segmental Flexibility 
in an Antibody Molecule, J. Mol. Biol. 51:573-590 (1970). 

Veatch, W. t and Stryer, L,, Effect of Cholesterol on the Rotational 
Mobility of Diphenylhexatriene in Liposomes: A Nonosecond Fluorescence 
Anisotropy Study, J. Mol. Biol. 117:1109-1113 (1977). 

Munro, I., Pecht, I., and Stryer, L., Subnanosecond Motions of 
Tryptophan Residues in Proteins, Proc. Nat. Acad. Sci. 76:56-60 (1979). 
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Further work on the Pasteur probe assays for asymetrio oarbons 
led to five papers and two IRL reports (1042 and 1045). 

The Atlas CH-4 continued to be used to generate new results in 
natural products in Prof. Djerassi’s laboratory. Six papers were published. 

Effort continued on the Slodzian-Castaing system for mass 
spectrometry microanalyses of solids. An interesting observation was made of 
a 10-fold preference for negative secondaries to contain an even number of 
carbon atoms for all observed combinations of primary ions and organic 
targets. A less pronounced enhancement of odd carbon clumps over even was 
found for positive secondaries. Observation of odd-even effects has been used 
as argument in support of the biogenic origin of oil. Our demonstration that 
such effects can be generated by abiogenic mechanisms would appear to weaken 
this particular argument. Our results have not been published except in the 
IRL Status Report (IRL 1050). 

The DENDRAL system was fully implemented with respect to acyclic 
structures. The system was also specified for cyclic structures but 
implementation was not feasible on the available computers. 

Further work was accomplished on computer managed 
instrumentation. The LINC was used for gas chromatographic curve reading and 
integration, and hardware developments were completed for direct acquisition 
of GC data by the computer. Investigations were started in the use of the 
LINC as an input device to the large time-sharing system (ACME) then being 
submitted as a proposal to NIH, Division of Research Facilities and Resources. 

On January 11, 1966, a proposal was submitted to NASA for 
$268,466 to cover an extension of six months to October 1, 1966 and for 
$542,223 for twelve months covering the period from October 1, 1966 to October 
1, 1967. The fund request for this latter period was revised on August 10, 
1966 to $448,850 and the period changed to cover September 1, 1966 to 
September 1, 1967. On April 1, 1966, an award was made for the period April 
1, 1966 to September 30, 1966. The award covering September 1, 1966 to Sept 
1, 1967 was received on December 8, 1966. 

The proposal for the first period included a $25,00 subcontract 
for a model "Pasteur Probe" based on a proposal dated December 16, 1965 from 
Electro-Optical Systems, Inc., Pasadena, California (EOS Proposal 65-5116). 
This development was not carried out and this was, in part, the basis of a 
reduction in funds requested for the subsequent period. 


G. APRIL 1, 1966 - OCTOBER 1, 1966 

The work during this period is covered in IRL Status Report 1054. 

During this period IRL was relocated in the new facilities 
provided by NASA grant NSG-(F)-2. 

Work on fluorometry continued. In particular a method of 
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detection and identification of bacteria using a fluorometric aminopeptldase 
as uay was developed. This used amino acid /J-napthylamides (BNA) as 
substrates. 


The instrumentation work on phosphorimetry in collaboration with 
Dr. Stryer was completed and described in a paper by L. Hundly, T. Coburn, 

E. Garwin, and L. Stryer "A Nanosecond Fluorimeter" in Review of Scientific 
Instruments, 38, *488-492, 1967. 

Laboratory demonstrations of the Pasteur Probe Experiment were 
completed showing detection of as little as 10 “* grams of optically active 
amino acids. Work was initiated on improvements using a Bieroan enrichment 
device seeking an increase in sensitivity of two orders of magnitude. 

The Atlas CH-4 Mass Spectrometer in Prof. DJerassi's laboratory 
produced results yielding six published papers. 

A laser input was studied for enabling spatial resolution in the 
mass spectral analysis of organic solids using a Bendix TOF mass spectrometer. 
The TOF was tied directly to the LINC computer which was programmed to 
determine peak positions in the spectra. 

Studies were carried out on the melting characteristics of DNA. 

It was ho,jed that individual molecular species of DNA could be detected in a 
heterogeneous sample of sufficiently accurate measurement of the melting 
curve. The results of a study of the literature made it appear impossible to 
achieve the objectives of this program. 

Dr. Henry R. Hulett and Dr. Danute E. Nitecki joined the 
Chemistry Group. James Bridges joined the Engineering Group and L. Hundley 
left the Laboratory. 


H. October 1, 1966 - April 1, 1967 


The proposed continuation for this period reflected a reduction 
in scope. It placed greater emphasis on basic science and less on hardware 
implementation. 

IRL Status Report 1056 covers this period. 

We carried out investigations jointly with Ames Research 
Laboratory on fluorometric assays of aminopeptidase activity in 
microorganisms. 

Further studies continued on GLC resolution of diastereoisomers. 
The technique was used to correlate the absolute configuration of organic 
compounds. Studies were also carried out on the determination of steric purity 
of peptides using NMR spectroscopy. The results showed that this is a 
convenient technique to study racemization in peptide synthesis. 

The research in Dr. DJerassi's laboratory using the Atlas CH-4 
for the analysis of natual products produced eight paoers. 


An approach to the analysis of peptides using low resolution mass 
spectroscopy was Investigated. The method involved the incorporation of 
chlorine into the n-terminal amino acid of the peptide chain. 

Research on laser induoed vaporization of samples for TOF 
analysis was continued. The configuration used delivered insufficient focused 
pulsed areal energy density to meet the research needs. Reinstrumentation to 
rectify this deficiency was undertaken and yielded a 60-fold increase in 
energy density. 

Work on computer manipulation of chemical hypotheses generated a 
polished form of DENDRAL running on the PDP-6 LISP system. A report by 
Georgia Sutherland, Stanford Artificial Intelligence Project Memo No. 49 is 
Included as an appendix to the referenced Status Report. 

A special purpose unit termed 270X was built by IBM to provide a 
high-speed input to the ACME 360/50, interfacing on-line instrumentation. 

IRL engaged in cooperative efforts with the Chemistry Department 
to instrument the AEI MS-9 mass spectrometer in a fast scan, on-line system. 
Utilizing the 270X and ACME, it was hoped to have an operational computer- 
controlled data gathering system in operation by Novemb r 1967. 

Instrumentation interfaces for the EAI Quad 300 Quadrupole mass 
spectrometer were also developed. Ultimately publication of this system and 
methodology for computerized operation of quadrupole mass spectrometers played 
a role in development of commercial products of this kind. 

Work was started in this period on a particle or cell separator. 
This was based on work described by Fulwyler (Science, 150, 910, [1965]) using 
the resistance principle. This general technique would have applications in 
problems of both biological and exobiological interest. Consideration of 
optical techniques using various types of illumination was undertaken 
emphasizing fluorescence. 

Investigations proceeded into the separation of specific 
fractions of DNA by elution from hydroxyapatite columns. Preliminary 
experiments showed that with these columns one could distinguish between fully 
native and partially denatured DNA. 

In addition to the papers from Dr. Djerassi’s laboratory, four 
papers were published. Virginia Close joined the Chemistry group. 


I. April 1, 1967 - October 1, 1967 


The work during this period is covered in IRL status Report 1061. 

Further productive work was carried out on gas chromatography and 
optical resolution. One phase proceeded with further use of these tools to 
determine the configuration of asymmetric compounds by gas chromatography of 
diastereoxsomers. Investigations also were carried out into a new approach to 


quantitative amino acid analysis using gas chromatography. This involves the 
conversion of the amino acids to the non-polar isothiocyanate derivatives. 
Determinations of steric purity of peptides by NMR spectroscopy were carried 
out. 


The analysis of natural products in Prof. Djerassi's laboratory 
yielded the results reported in 14 papers. 

The laser system for solid sample vaporization using the Bendix 
TOF was completed and the first results on nltrogeneous bases, nucleosides and 
nucleotides were acquired. 

In connection with efforts in computer managed instrumentation an 
IBM 1800 was acquired and used to interface analog data from various 
laboratories in the Medical School to the ACME 360. For higher data rates 
than the 1000 system could support, the IBM 270X Data Adapter was used with 
four 270Y Experimental terminals. 

The computer interface and computer operating system for the EAI 
Quad 300 quadrupole mass spectrometer was completed and the methods and 
results published in IRL Report 1062 (November 1, 1967). A similar system was 
implemented for the Bendix TOF. Progress was made on real-time data 
acquisition from the MS-9 mass spectrometer in the Chemistry Department to the 
ACME IBM 360/50. 

Further work on computer manipulation of chemical hypotheses was 
reported in Stanford Artificial Intelligence Memo No. 54, August 2, 1967. 

This also appeared in "Symposium on Cognition", Carnegie Tech., John Wiley and 
Sons. 


Work continued in the development of the cell separator. 

Problems with clogging of the orifice or detection structure received much 
attention. A simulator system was used to evaluate electrical and optical 
conditions for a high speed flow system which could be used for optical 
detection of fluorescent cells. These evaluations showed promising results: 
with a droplet size of 180 micron diameter at 10“' molar concentration, 2 x 
10° fluorescein molecules could be detected in 4 x 10“** seconds. 

Limited work on attempts to renature specific fractions from 
thermal chromatography runs on hydroxyapatite columns were carried out. 

Efforts were initiated on a joint proposal with Ames in response 
to the 1973 Voyager experiment opportunitiess based on the Pasteur Probe 
experiment. This AFO was subsequently suspended. 

Two reports and eleven papers were published including a 
presentation at the 1966 COSPAR meeting, May 1966, "Relationship of Planetary 
Quarantine to Biological Search Strategy." 

A proposed continuation of the grant for the period September 1, 
1967 to August 31, 1968 was submitted September 20, 1967 with a budget of 
$478,255. This was revised to $410,000 on October 27, 1967 and a supplement 
for that amount was received November 30, 1967. 


J. October 1, 1967 - Maroh 31, 1968 


The work during this period is covered by IRL Status Report 1076. 

Work continued on gas chromatography analysis of amino acids and 
studies of factors affecting the separation of di aster eo isomer compounds by 
G.L. C. 

It was found that menthyl chloroformate is a useful agent for 
G.L.C. resolution of asymmetrio alcohols, amines, amino-acids and hydroxy- 
acids. 


papers. 


The work in Professor DJerassi's laboratory produced twenty-two 


Both laser vaporization and crucible heating were used to 
generate results using the Bendix TOF. A flexible computer display system was 
developed for convenient analysis and comparison of the spectral data 
acquired. Data from twenty-three spectra acquired by one or another or both 
vaporization methods were studied. 

Problems developed in attempting to apply the IBM 270Y units to 
sophisticated high-speed data acquisition use. 

Improvements, both hardware and software, were made to the GLC/MS 
computer systems. These increased the usefulness of the newly installed 
Finnigan Instruments Model 1015 quadrupole mass spectrometer. 

The generalization of DENDRAL to ring systems has been completed. 

The work on cell separation proceeded to the point where there 
were three instruments capable of carrying out worthwhile biological 
experiments. These included the volumetric cell separator, a high speed 
fluorescent cell separator and a third unit, on loan from the Watson 
Laboratories of IBM, developed under the direction of Dr. L.A. Kamentsky. 

This has developed into a program involving participation of scientists in 
several departments working under many different grants. 

The following are a few of the medically and biologically 
significant experiments that were being undertaken. 

1. Test purified cell populations for cell-cell interactions in 
the induction, development, and execution of the immune response (in 
conjunction with Professor Herzenberg and Dr. Weissman). 

a. Isolation of antigen-processing cells by phagocytosis of 
fluorogenic substrate. 

b. Isolation of immunologically competent cells by size. 

c. Isolation of antibody-forming cells by size following 

adherence of large antigenic particles. 

2. Isolation of cells in mitosis by size criteria in order to 
establish cell lines in vitro which are synchronously cycling. These 
will be useful to determine the actual cellular and molecular events 
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which determine the differential sensitivity of cells to radiation 
and certain drugs as a function of their place in the cell cycle 
(in coniiinctlon with Professor George Hahn, Department of Radiology). 

3. Detection and isolation of cancer cells in the blood stream 
(metastases) in order to determine the type of cancer therapy most 
appropriate for the patient (in conjunction with Professor H.S. Kaplan, 
Executive Head of Radiology and Radiotherapy and Professor R. Kallman, 
Radiology Department). 

4. Isolation and testing of cell types in Hodgkins Disease, (a 
cancer of the lymph node system) in order to determine: 

a. the malignant cell, its biochemistry and radlosensltlvlty. 

b. the cell type (in these patients) responsible for widespread 
immunological deficiency, and how this deficiency is maintained 
(in conjunction with Professor H.S. Kaplan). 

5. Isolation and testin', of the cell type in the bone marrow 
theoretically designated as the stem" cell, which is responsible for 
redevelopment of normal blood c-il types following irradiation (in 
conjuntion with Dr. Weissman ). (NASA and the Air Force already 
have supported projects and symposia aimed at answering just this 
question, for the purpose of possible treatment of radiation 
exposure in space.) 


A unique method of making observations on the jet stream after it 
has left the Jet forming orifice was developed. This greatly improved the 
functioning of the system. 

Work on the Kamentsky unit was directed toward studies of 
fluorochromasia, the appearance of fluorescein in cells because of enzymatic 
hydrolysis of non- fluorescent fluorescein diacetate (FDA) to give fluorescein 
and its retention within the cell. 

In addition to the papers from Dr. Djerassi's laboratory, three 
reports and seven papers were published. 


K. April 1, 1968 - September 30, 1968 


period . 


IFL Technical Report 1082 is a status report covering this 


Work on gas chromatography of amino acids was noted by two 
accomplishments, both of which were published. The process of obtaining 
volatile derivatives of amino acids was considerably accelerated by a method 
of using the injector port of the G.L.C. as a chemical reactor. Excellent 
yields, ir some cases chromatographically pure, were obtained by an 
application of transesterificetion procedure to the cleavsge of peptide bonds 
from the resin support using methanol or ethanol. 
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Further work continued on sequence analysis of peptides by mass 
spectrometry. In Incorporating chlorine Into the N-termlnal amino sold the 
observation was made that the presence of phenylalanine in the peptide results 
in the evaporation of a chlorine atom in the aromatic ring of the 
phenylalanine. 

Professor Djerassi's laboratory contributed five papers to the 

literature. 


Additionul hardware and software refinements were made of the 
Bendix TOF system for mass spectral analysis of organic solids. The 
instrument carried out test analyses using mice lymphocytes and human red 
blood and fibroblast oells. 

Continued development took place of the several computerized 
mass spectrometry systems. 

In the cell separation program work continued on the application 
of the IBM rapid cell spectrophotometer to fluorochromasla. The technique 
appears to be adaptable to automation of a fluorochromatic cytoxity assay 
developed by Bodmer, Tripp and Bodmer. It was being used to Investigate 
heparin in mast oells. 

Preliminary biological experiments were conducted to validate the 
completed design of the volumetric cell separator. The high speed fluorescent 
cell separator results were encouraging in that the Intrinsic capability of 
the system was validated but poor reproducibility indicated the need for 
improvement in some defined areas. 

Fourteen reports, papers and publications were produced, in 
addition to those of Professor Djerassi's laboratory. 

A request for $395,000 in funds for the continuation of this 
grant for one year was submitted July 2, 1968. This was resubmitted as a 
request for $340,000 for a ten month period on July 30th. This was awarded on 
October 22, 1968 for the period September 1, 1968 to July 1, 1969. This 
continuation proposal was based on a plan to seek additional support for the 
laboratory from other sources or to reduce the staff if necessary. 

On September 30, 1968, we were Informed that effective November 
1, 1968 the grant was changed from NSG-81 to NCR 05-020-004. 


L. October 1, 1968 - July 1, 1969 


The work during this period is covered by two status reports, IRL 
Report Numbers 1087 and 1091 covering the periods October 1, 1968 to December 
31. 1968 and January 1, 1969 to March 31, 1969 respectively, and a summary 
report, IRL Report 1092, covering July 1, 1968 to July 1, 1969. 

The new methods developed for fast CLC amino acid analysis were 
successfully used for the biochemical screening of blood samples: for high 
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phenylalanine In the detection of phenylketonuria and for the quantitative 
determination of radiobiological agents in biological materials. 

The low resolution mass spectrometrlc method of sequence analysis 
of peptides, using the approach of incorporating an enamine-ketone moiety into 
the N-terminal amino acid of the peptide chain, succeeded in giving the 
correct sequence In model systems containing up to 10 amino acids. 

The laser/mass spectrometer solids microanalysis system was 
developed to routine operational capability. The spatial resolution is 50 
microns and the sensitivity is approximately 1 x 10“* gram. 

The system was used In connection with the Lunar Sample analysis 
program of G. Hodgson In the application to a number of porphyrin compounds. 

It was also used by B. Halpern In analysing small amounts of material 
resulting from the chemical extraction of samples separated by GLC on silica 
gel. 


Work with the Pathology Department to examine differential 
histamine content of normal and lesion human tissue was unsuccessful in 
finding characteristics distinctive of abnormality. 

Eight publications resulted from the work in Professor DJerassi's 
laboratory during this period. 

Investigations were carried out to examine the structure of 
extraterrestrial porphyrin on the basis of molecular size, structural 
configuration, and association with amino acids. The application of magnetic 
circular dichrolsm was explored as a sensitive spectroscopic technique for the 
detection of a biologically important class of compounds, the chlorophyll-like 
porphyrin which may be present in a lunar sample. 

Modifications to increase sensitivity of the magnetic circular 
diehrometer were carried out as well as interfacing to the ACME 360-50 
computer in preparation for searching for very small quantities in lunar 
samples. 


The development of computer aided instumentation, particularly 
GLC/MS, was carried to the point where it not only related closely to possible 
interests of the Viking Mission but also attracted a great deal of interest 
for laboratory application. 

The fluorescent cell sorter test of cell wall integrity 
( fluorchromasia) appeared sufficiently useful in immunological assays that a 
contract was received from NIH to explore further automation of the test. 

Some experiments were carried out to investigate the feasibility 
of supplementary data processing using optical methods for analysis of Mariner 
Mars 1971 orbital images. 

A separate task was carried out to develop a variable tine-lapse 
videoselnti scope for the Division of Nuclear Medicine. This was a 
particularly successful attempt to transfer technology resulting in important 
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clinical improvements in the use of scintillation cameras for cardiac and 
pulmonary disease diagnosis. 

The work during this period resulted in twenty papers and 
publications in addition to those of Dr. Djerassi's laboratory. 

On April 9, 1969, the grant was extended to August 31, 1969 
within the funds previously obligated. 

A request for $342,899 in funds for continuation of tnis grant 
was submitted together with a request for $27,900 in funds for capital 
equipment. The capital equipment request was not granted. A grant for 
$340,000 additional funds covering the period September 1, 1969 to August 31, 
1970 was awarded July 29, 1969. 


M. July 1, 1969 - July 1, 1970 


The work during this period is covered by a status report, IRL 
Report 1105, covering the period July 1, 1969 to January 1, 1970, and a 
summary report, IRL Report 1110, covering the complete period. 

The techniques developed on GLC Separation of D and L antipodes 
were applied successfully to determine the absolute configuration of the alio- 
isoleucine present in the serum of patients suffering from "Maple Syrup" 
disease. Collaboration continued with Ames personnel in the construction 
of a working model of a hydrolyser-desalter derivatizer unit that could be the 
basis of a Viking Mission instrument. 

A prototype of a partially automated sample injection system for 
glc determination of blood phenylalanines. This should be of use in the 
routine screening of newborns for phenylketonuria. 

Studies continued in the reaction of chlorine with DNA. The 
formation of chloramine derivatives of nucleosides being a possible toxic 
hazard. 


Under a separate contract (NAS 9-9439) we examined samples of 
Apollo 11 and 12 for "porphyrin-like" pigments. Abundances of 10 _1 * 
microgram/gram were found but other data suggests that it was introduced by 
exhaust products from a lunar descent engine. 

Nine papers were produced by Dr. Djerassi's laboratory. 

Further work on DENDRAL extended its application to other classes 
of organic molecules such as alephatic ethers. Work was started on more 
advanced phases such as "Meta-Dendral" which deduces chemical reaction rules 
from the M3 data and "Synthetic Dendral" to design and test reaction sequences 
for synthesis. 


21 


The computer aided research instrumentation efforts continued. A 
commercial version of the GLC-MS computer control Interface was produced by 
Systems Industries, Sunnyvale, California. 

Most of the support for cell separation research was now coming 
from non-NASA sources (NIH grant GM 17367 and NIH contract 69 2064). An 
improved system using sheath flow enclosing the stream of fluid containing the 
cells in a larger stream of inert liquid was built and tested. This gave 
improved operation for both fluorescent cell sorting and high-speed volumetric 
sorting. 


Development of optical data processing continued and demonstrated 
its value in image enhancement and noise removal for images from the 1964 
Mariner fly-by. 

During this period Professor Lederberg and Dr. Levinthal were 
directly involved in Mariner Mars 1971 and Viking 1975 mission activities. 

Professor Lederberg was a principal investigator on the MM '71 
Television Team and Chairman of the Exobiology Discipline Group of that team. 
Dr. Levinthal was co-investigator on the team and a memeber of the Exobiology 
Discipline Group. He served on the Hardware Task Group and was chairman of 
the Data Processing Task Group and a member of the Mission Operations Planning 
Group. 


Professor Lederberg was a consultant to the Biology Instrument 
Team and an investigator on the Biology Science Team for the Viking '75 
mission. Dr. Levinthal served on the Imaging Instrument Team and as an 
investigator on the Lander Imaging Science Team. 

Dr. Halpern was a co-investigator on one of the Lunar Sample 
Analysis Teams. 

Drs. Lederberg, Levinthal and Halpern were supported in these 
activities by other members of the Instrumentation Research Laboratory. 

Some theoretical and experimental studies, by Dr. Liebes, were 
done on a "quasi-microscope" that coulci be added to the proposed Viking lander 
camera for a 40-fold magnification. 

Work was carried out in conjunction with Lynn Guam of Professor 
John McCarthy’s Artificial Intelligence Laboratory for analysis of Mariner 
Mars 1971 orbiter photography. This work was fundamental to studies of 
variable surface features. 

Thirty-four papers and publications resulted from the work of 

this period. 


A request for $290,000 in additional funds was made on July 23, 
1970. This was awarded on September 17, 1970. 
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N. July 1, 1970 - January 1, 1971 


1123. 


The research during this period is covered in IRL Status Report 


Research was initiated on chemical methods for the analysis of 
the basic and acidic constituents of urine. This required redesign of the 
GC/MS interface to improve sensitivity. Chlorination studies of bases present 
in DNA were continued. A new quantitative spectrophotometric method for the 
detection of cyclohexyl amine was developed. Cyclohexyl amine is known to be 
tox ic . 

The work in Dr. Djerassi's laboratory produced four papers. 

Many mass spectra were taken to gather data for the DENDRAL 
program. This included steroids which added new dimensions to the computer 
analysis problem. 

Work was completed or a "smart” terminal project (called "Hi Q") 
carried out in collaboration with Professor Melvin Schwartz of the Physics 
Department. This provides a local interface for a mini-computer (such as a 
PDP-11) for dedicated real-time instrumentation. The mini -computer is, in 
turn, connnected to the larger (ACME) time-shared facility. 

Work continued on cell separation techniques now mostly supported 
by NIH grants and contracts. 

A system for analysis of Mariner Mars 1971 orbiter photographs 
suitable for "production" use during the ninety days of the mission was under 
development. This system included a modified Huffman coding scheme for data 
compression, a computer based "atlas" of Mars and methods for precision 
geometric and photometric registration. 

During this period. Dr. Hal pern left the laboratory to return to 
Australia. His responsibilities were assumed by Dr. Alan Duffield. 

On June 29, 1971, a request was made for $2*10,000 to continue the 
grant for the period September 1, 1971 to August 31, 1972. This was awarded 
September 1, 1971. 


0. January 1, 1971 - December 31, 1971 


IRL Status Report 112P covers the work during this period. It 
al3o contains a general review of the DENDRAL Research Project. Because of 
the richness of the problem environment provided, and the success of DENDRAL 
in solving real problems, the effort has become the focus of much attention 
and comment in the Artificial Intelligence community. Considerable progress 
was made in the structural analysis of estrogenic steroids by Heuristic 
Dendral and toward Meta-Dendral goals of theory formation. 
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In the area of computer aided research instrumentation, 
capabilities were developed for remote micro-computer programming, combining 
the advantages of a stand-alone instrumentation system with the power of a 
large machine and high level language processor. The new MAT 711 was brought 
on-line to the PDP-11. 

In the studies of urine constituents, following chemical 
derivatization of the acidic fraction, over 80 individual peaks were observed 
on the GC. We were unsuccessful in isolating the catecholamines from the 
basic fraction but did develop a derivatization procedure for their GC/MS 
identification. 

The method of analysis of phenylalanine in serum was completely 
automated allowing one hundred samples per day to be screened using a four- 
column GC. 


A method was developed for determining amino acid constituents of 
soil quantitatively using deuterated amino acids as internal standards. 

Further work continued on the chlorination of DNA bases and the 
mass spectrometry of organic compounds. 

Dr. Djerassi's work on MS of natural products produced four 

papers. 


The picture processing developments for Mariner Mars 1971 orbiter 
photography were completed and used to study variable features. In addition 
specially enhanced Images of Phobos were produced. 

On April 22, 1971, a request was made for $50,029 in supplemental 
funds to contribute to the purchase and use of a Varian-Atlas mass 
spectrometer. This was granted on May 21, 1971. 

During this period Drs. Lederberg, Levinthal and Liebes 
participated extensively in the Viking Lander investigations. Specific work 
was done using the facilities of the Stanford AI laboratory on developing the 
tools for extracting near-field range information from lander camera stereo 
pairs. 


Eleven papers and reports were produced during this period, in 
addition to those of Dr. Djerassi's laboratory. 

A request for $180,000 in additional funds was made September 21, 
1972 and granted October 24, 1972 for the period September 1, 1972 to August 
31, 1973. 
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P. January 1, 1972 - December 31, 1972 


This period is covered by IRL Status Report 1158. 

The study of the action of aqueous hypochlorous acid under 
physiological conditions on bases present in DNA continued. The study was 
extended to nucleosides, cytidine and deoxycytidine and the nucleotide 
cytidine-5 1 -monophosphate. Two papers describing this work were published. 

Using the methods of mass fragmentography and the quadrupol e-mass 
spectrometer-computer system, it was possible to simultaneously quantitate up 
to ten of the amino acids present in soil. This quantitative technique was 
extended to the measurement of phenylalanine in plasma. Both the above 
results were published. 

The types of rearrangements occurring in mass spectral 
fragmentation were studied for promazine and its sulphoxide. These 
phenothiazines represent an important class of drugs used as tranquilizers. 

Work progressed on the study of organic chemical constituents of 
the urine of premature babies. A specific study related to late metabolic 
acidosis. 


papers. 


Dr. Djerassi's laboratory work on natural products produced seven 


The status report included Chapter 7 of Biochemical Application 
of Mass Spectrometry, Edited by G. Waller (Wiley and Son , 1972) entitled "Use 
of A Computer to Identify Unknown Compounds: The Automation of Scientific 

Inference" by Joshua Lederberg. This summarized the progress in the DENDRAL 
Artificial Intelligence Project to date. 

Using the MAT -711 high resolution mass spectrometer, we made 
progress toward a reliable, automated data acquisition and reduction system 
for scanned low and high resolution spectra. The system includes extensive 
automation of operations, sophisticated automatic instrument calibration and 
data reduction programs and a new algorithm for separation of unresolved peaks 
giving a factor of three improvement. Using a unique disk oriented matrix 
transposition algorithm the GG spectra are converted to a "mass fragmentogram" 
form of the data giving much higher resolution in localizing GC effluent 
constituents. 


The cell separation group completed a multichannel cell separator 
which simultaneously measures fluorescence and scattering cross-section of 
each cell. 


The Mariner Mars 1971 image processing work, done in 
collaboration with the Stanford Artificial Intelligence Laboratory resulted m 
500 image differencing operations on MM '7? photos. In addition 31 special 
enhancements of Phobos and Demos were executed. 

Drs. Levinthal and Liebes, as members of the Lander Science Team 
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assumed reponsibility for the Science Operation Requirements Document (SORD), 
the Software Functional Descriptions (SFDs) and the more detailed Software 
Requirements Documents (SRDs). 


Q. January 1, 1973 - July 31, 1973 


The activities under this grant for this period are summarized in 
the proposed continuation for the period September 1, 1973 to August 31. 1974 
submitted August 10, 1973. This proposal request for $150,000 was granted on 
October 16, 1973. 

The techniques of quadrupole mass fragmentography were further 
developed achieving quantification of amino acids below the nanogram level. 

The advantages achieved over older methods of fragmentography using sector 
mass spectrometers are the large mass range that can be scanned, simplicity of 
computer interface for data acquisition and ability to monitor a large number 
of ions. The system is now "stand-alone” using a PDP-11/20 mini-computer. 

We succeeded in quantification of 3 -aminoisobutyric acid in 
urine in patients suffering from leukemia meeting a need for a reliable method 
of measuring this compound in urinary excretions. We extended mass 
fragmentography to the quantification of ethanol in blood and urine using 
deuterated ethanol as a standard. 

We commenced a collaborative investigation with Dr. James G. 
Lawless of NASA-Ames Research Center, using these techniques on the amino acid 
composition of the Murchison meteorite. This technique is potentially 
suitable for planetary investigations. 

Preliminary investigations were carried out on extraction 
techniques and the absorption and retention of selected amino acids. 
Preliminary results, using GC/MS of the constituents of an extract of the 
Murchison meteorite indicated the presence of a series of aliphatic 
dicarboxylic acids. 

We received a grant of $60,000 from NASA-Johnson Space Flight 
Center (Grant NASA 05-020-632). This was under the Office of Life Science, 
NASA, Riomedical Research Division, Dr. Sherman Vinograd, Director. The 
grant, entitled "Analytical Methodolgy for Biochemical Monitoring" was 
initiated May 12, 1973, in response to a proposal submitted April 13, 1973. 
This was a revision of a proposal for $160,000 previously submitted in July of 
1972. The aim of this research was related to our studies under this grant. 

It was to perfect methods for the automatic monitoring of astronauts' health 
and nutritional status. The baseline studies were carried out on premature 
infants since they, like astronauts, are kept on a rigid diet. This study was 
carried out in collaboration with the Pediatrics Department and involved 100 
urine samples from 11 premature infants. 

The transition of the ACME computing facility from an NIH 
subsidized IBM 360/150 to a fee-for-service IBM 370/158 necessitated changes 
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in the high and low resolution GC/MS data systems. The initial stages of 
transfer to a stand-alone PDP-11/20 system were completed. 

Further improvements in the data analysis programs supporting the 
GC/MS systems were accomplished. 

Participation of Professor Lederberg and Drs. Levinthal and 
Liebes continued in the Viking mission. 

The new proposal allocated about one-third of the funds to a new 
subproject applying recent findings in the artificial incorporation of 
synthetic DNA sequences to issues of molecular evolution. 


R. August 1, 1973 - July 31, 1974 


The status report for this period was incorporated in the request 
for continued support submitted August 14, 1974. This request for $150,000 
for the period September 1, 1974 to August 31, 1975 was granted September 25, 
1974. This support included $40,000 towards the purchase of an electron 
microscope. 


We continued our collaboration with Dr. James G. Lawless of NASA 
Ames Research Center. The successful use of quadrupole mass fragmentography 
led to publishing the quantities of amino acids present in the Murchison 
meteorite. This included leucine and isoleucine which had not previously been 
detected in extracts from this meteorite. The remaining six protein amino 
acids were detected in concentrations in good agreement with other published 
results. 


The degree of racemization, accompanying the powdered meteorite 
catalyzed hydrogen-deuterium exchange in an aqueous solution of deuterated 
amino acids, or a deuterium oxide solution of protein amino acids, was also 
measured. 


Another published result was the isolation and identification of 
aliphatic dicarboxylic acids in the Murchison meteorite. Methyl succinic acid 
was estimated to be present at a concentration of 24 micrograms per gram of 
meteorite, an order of magnitude greater than the amino acids. 

This result motivated the successful search for dicarboxylic 
acids in spark discharge experiments. 

Work was carried out on using labeled amino acids as internal 
standards instead of deuterated amino acids. This removes ambiguities due to 
efficiencies of solvent extraction procedures and gives a more accurate 
indication of amino acid content of ten meteorite/soil samples. 

In connection with the Applications Laboratory of Finrigan 
Instruments Corporation, we investigated the use of chemical ionization - mass 
fragmentography for the subnancgram detection of metabolites present in urine. 
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Two new significant improvements were incorporated into the 
analytical system for the recording of mass fragmentographio data. We 
introduced software modification to allow an extended dynamic range to be 
utilized in the recording of mass spectra. With a computerized approach to 
encoding we were able to use standard 12 bit A/D converters. The sampling 
time is adjusted so that no reading exceeds the 12 bit range and after each 
reading the A/D is set to zero to measure the next subinterval. The 
incremental value read is accumulated with the computer. 

The second Improvement repetitively samples each of the masses to 
be measured only during the time of their elution. This allows each pair of 
ions (the amino acid derivative and its deuterated analog) to be monitored for 
longer periods of time, significantly improving sensitivity. 

Investigations were carried out on improving the computerized 
search routines through a library of reference mass spectra. This required 
new techniques for the removal of background contributions due to column and 
system bleed. 

The library of msss spectra relevant to our chemical techniques 
of derivatization were sent to Dr. Sanford Markey, Denver, Colorado, where 
they were compiled with other biologically relevant mass spectra from other 
laboratories. 

We investigated, at the instigation of Dr. Steven Heller, EPA, a 
method for the routine transcription of existing bar graph data into digital 
format using an electronically sensitized tablet. This will allow 
incorporating 8000 mass spectra from Professor Djerassi's laboratory into the 
EPA data library. 

A temporary solution to the problem of computerized high 
resolution mass spectrometry using a PDP-11/20 IBM-1800 interface to the 
360/158 was generally unsuccessful. Efforts were undertaken to recode the 
software into FORTRAN anticipating the acquisition of PDP-11/45 systems to 
solve the problem. 

Participation of Professor Lederberg and Drs. Levinthal and 
Liebes in the Viking mission significantly increased during this period. 


S. August 1, 1974 - July 31, 1975 

The status report for this period was incorporated in the request ♦ 

for continued support submitted July 30, 1975. This request for *110,000 for 
the period September 1, 1975 to August 31, 1976 was granted September 23, 

1975. 

This NASA grant provided the underpinnings for the health 
oriented research now dominating the activities of the IRL. This work is now • 

largely supported by other grants. These include NIH 5R24 RR 0612; NCI 
Contract N01-CB-43909; NASA NGR-05-020-632; and NIH 1P01 GM 20832-01 A1. 
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The emphasis of the laboratory work supported by this grant is 
now on molecular evolution. A general description of this work is given in 
Attachment 35 which was prepared as a Research and Technology Resume in 
response to Research and Technology Objective and Plan (RTOP) 192-55-64 
Biological Adaption. During this period it was demonstrated how the 
chromosome of Bacilus subtil is can be segmented with Eco-RI nuclease into 
about 200 pieces of average length of about 10,000 nucleotide pairs. These 
segments can then be fractionated with agarose gel electrophoresis giving DNA 
bands which are purified to the extent of about 30 % absolute purity. 

(R.M. Harris-Warrick, Y. Elkana, S.D. Ehrlich and J. Lederberg; 
"Electrophoretic Separation of Bacillus Subtilis Genes" PNAS Vol 72, Mo. 6, 
pp. 2207-2211, June 1975.) 

These segments have been ligated to the small plasmid psc 101 
giving rise to a wide range of clones used to map the genome of the source 
bacterium. We have not been able to verify the expression in E. Coli of 
genetic information derived from B. subtilis. Radiolabelled RNA, transcribed 
from a DNA clone, has been used to stain an electrophoretogram of the B. 
subtilis DNA and to show that each DNA clone contains one or more specific 
segments. 


We have also studied the complex segments that are left by 
incomplete digestion of the source DNA and showed how this could be used to 
map a sequence in relation to neighboring segments. 

We encountered greater methodological problems than anticipated 
in the original purpose of introducing artificial synthetic monotonous 
sequences of known composition into B. subtilis and into plasmids for further 
studies of molecular evolution but made progress with the underlying issues. 

The difficulties in computerized interpretation of GC/MS data 
introduced by componenets unresolved by the GC a nd by interference from GC 
column "bleed" were alleviated by the spectrum "CLEANUP" program. This takes 
as input an entire GC/MS run (600-700 spectra) and returns as output the set 
of mass spectra of detected components (30-50 for a typical run of a chemical 
fraction of human urine). 


We examined the Murchison meteorite for sterols. Within the 
limits of detection of the GC/MS system, we were unable to detect any sterols. 
The only compound identified was the plasticizer, tn-n-butylphcsphate, whose 
origin is unknown. 


Initial work on 1 ^C labeled amino acids used a sample of crude 
protein from anacystis nidulaus supplied by Dr. Donald C. Ott, Group 
Leader of the Organic and Biochemical Synthesis Group, University of 
California, Los Alamos Scientific Laboratory. This enabled selection of the 
appropriate ions for monitoring by mass fragmentography. A commercial ^C 
labeled amino acid mixture from Merck was ordered to be used for further 
assays. 


The necessary computer routines for quantitative analysis using 
the compounds was completed. 
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The PDP 11/45 system was delivered and Interfaced to the Varian 
MAT 711 high resolution spectrometer via the existing PDP 11/20. The 
necessary software developments were completed and included several 
improvements. 


The library of 3000 mass speotra of biologically relevant 
compounds was received and its use initiated. The encoding of 2500 of the 
6000 mass spectra of the collection of Professor DJerassi was completed for 
Inclusion in this library. 

The development of improved computerized library search routines 
continued. Some of this work was conducted with the collaboration of 
Dr. S. Grotch of JPL. Progamming efforts led to the development of general 
solutions to the problem of background removal with concomitant deconvolution 
of overlapping GC peaks. These programs became operational. 

A non-technical memo (Attachment 36) was supplied to Dr. Richard 
Young of the NASA Program Office. This, together with an article published in 
the Stanford M.D. (Fall ’74) "Are There Microbes on Mars?" (Attachment 37), 
attempts to describe in lay terms some of the intents and activities of our 
laboratory. 


During this period Professor Djerassi's laboratory produced seven 
papers on the structural analysis byMS of natural products. 

Fourteen other papers and reports were authored by members of the 

IRL. 

The participation in the Viking mission further intensified 
during this period. 


T. August 1, 1975 - July 31 ♦ 1976 


The status report for this period was included in the propsed 
continuation for this grant, submitted August 25, 1976. This propsal 
requested $137,500 for the fifteen month period from September 1, 1976 to 
November 30, 1977. These funds were granted November 1, 1976. 

The problem of expression of successfully transferred DNA 
segments was discussed in the previous year's report summary. This problem 
was solved and the results published (Ehrlich, Bursztyn-Pettegrew, 

Stroynowsky and Lederberg, PUAS, Vol. 73, No. 11, pp. 4145-49, November 1976). 
This describes the expression of the thymidylate synthetase glus derived from 
B. subtil is phage Phi-3-T. Similar results were achieved with respect to a 
certain number of ordinary chromosomal markers of B. subtilis. A puzzling 
result is the exclusion, in the reinsertion into B. subtilis of the expressed 
segments by the ususal transformation procedure, of most or all of the plasmid 
DNA of E. coli prevenience and to accept only that originally derived from 
B. o-iotilis. 
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The crucial success is the identification of effective promoter 
regions from the Phi-3-T phage capable of initiating the expression of the 
attached DNA. This allows progress toward the goal of incorporation of 
specified synthetic sequences. 

Further improvements were made in the "CLEANUP" program for 
automatic detection of components in a Gas Chromatograph/Low Resolution Mass 
Spectrometer (GC/LRMS) run. These give more reliable component detection and 
add curve- fitting procedures which aid in resolution of overlapping, multi- 
component GC elutants. This has improved library matching procedures. 

We completed a first version of a program that extended the 
procedures for preliminary analysis of GC/LRMS data by (1) calculation of 
relative retention indexes for each component; and (2) by determination of 
semi-quantitative values for relative concentration of components. 

We started design and implementation on combining a number of 
experimental GC/LRMS results to accumulate a record of past observations. 

This is to be used to utilize an historical record yielding a subsequent basis 
for comparison with new data. 

Based on GC/LRMS and GC/HRMS experiments, together with the 
CONGEN program (CONGEN was developed as part of the DENDRAL project - Ref. 3 
[page 42 of proposal]) for computer-assisted structure, we have determined the 
structures of these Isomeric compounds in tne urine of a patient with symptoms 
of mental retardation. The compounds are conjugates of o, ro and p- 
methylbenzoic acids with glycine with relative concentration corresponding to 
those in commercial preparations of xyline to which the patient has been 
extensively exposed. 

During this period, Dr. Levinthal took on responsiblities as 
Deputy Leader of the Viking Lander Camera Team. 


U. August 1, 1976 - December 1977 


The status report for this period was included in the proposed 
continuation for the grant submitted August 11, 1977. This proposal requested 
$110,000. Grant funds of $100,000 were received January 9, 1978 covering the 
period December 1, 1977 to December 1, 1978. 

To reflect the change in emphasis the title of the grant was 
changed to "Molecular Evolution in Primitive and Simple Biochemical Systems" 
on September 9, 1977. 

The Research and Technology Resume (Attachment 38) supplied June 
23, 1^77, in response to RT0P 1°?-55-67 describes this general effort. 

The genetic studies reported on the prevalence of mechanisms for 
promiscuous mixing of genes among bacteria believed to be quite separate in an 
evolutionary sense, e.g. Bacillus and Staphylococcus. This unexpected finding 
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may be an important contribution to the theme of the origin and evolution of 
life. 

Two papers report on this work. They are S.D. Ehrlich, 
"Replication and expression of plasmids from Staphylococous aureus in Baoillus 
subtilis," PNAS, Vol. 74, No. 4, pp. 1680-1682, April 1977, and Ning-Yen W. 
Chi, S.D. Ehrlich and Joshua Lederberg, "Functional Expression of Two Baoillus 
subtills Chromosomal Genes in Esoherlohia Coll, J. Bacteriology 13 (2) 816- 
821, 1977. 


The work on analytical methodology of GC/MS is summarized in a 
series of papers. The first paper is Dennis H. Smith, Michael Achenbaoh, 
William J. Yeager, Patricia Anderson, William L. Fitch, and Thomas 
C. Rlndfleisch: "An Approch to Quantitative Comparison of Combined Gas 
Chromatographic/Mass Speetrometric Profiles of Complex Mixture." This 
embodies the plans worked on in previous periods. 

GC/MS data are processed to locate points of component elution 
and to obtain mass spectra free from background and contributions from 
overlapping spectra. Subsequently, spectra of added hydrocarbons are located 
and their elution times utilized to determine relative retention Indexes 
(RRI's). Then spectra of Internal standards are located and the 
concentration (based on peak areas) of each component relative to the standard 
is determined. These data, the collection of "clean" mass spectra, RRI's and 
relative concentrations, constitute the GC/MS profile for a mixture. We 
developed methods for collecting these profiles into libraries to obtain an 
historical record of pest observations. We also developed the necessary 
programs for comparing new data to an historical library. The results of the 
comparison quickly indicate which components are present in abnormal amounts. 
The collection of programs available in our laboratories constitutes a 
powerful tool for analyzing and comparing complex mixtures of any organic 
compounds which can be suitably derivatized for analysis by GC/MS. We used 
the historical library approach to validate our analytical procedures for 
isolation of organic material in human body fluids. We used the approach to 
establish baselines on organic constituents of both urine and amniotic fluid. 

Two additional papers (Smith and Carhart, "Structure Elucidation 
Based on Computer Analysis of High and Low Resolution Mass Spectral Data", 

1977, and Carhart, et al. "Computer Assistance for the Structural Chemist", 
1977.) discuss approaches to Interpretation of mass spectral and other 
chemical date in terms of molecular structure. These studies, carried out 
together with our collaborators in the SUMEX and DENDRAL projects, have used 
actual unknowns discovered during the course of our GC/MS analyses of mixtures. 
GC/LRMS and GC/NRMS experiments provided mass spectral data on unknowns. 
Suosequently, structural candidates for these unknowns were proposed based on 
computer-assisted analysis of the mass spectral data together with other 
chemical information. The techniques discussed in these papers are also quite 
general, and like the historical library appoach, C8n be used in the study of 
diverse chemical problems, including those outlined in subsequent sections. 

We made considerable progress in improving and extending our 
library of mass spectral data. We added new spectra to the library by running 
spectra of standard compounds and processing the spectral data with the 
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CLEANUP program. We Improved the quality of existing spectra using the 
historicsl library approach outlined above ("HISLIB", Smith, et al., 1977). 
HISLIB averages spectra of the same compound observed in several GC/MS runs. 
Thus, statistical variations in ion abundances are reduced as additional 
spectra are averaged. The resulting spectrum is frequently of muoh higher 
quality than speotra in existing libraries. We implemented a mechanism for 
adding averaged spectra to or replacing spectra in our primary library. This 
provides a mechanism for gradual improvement of our libraries with time. In 
addition, relative retention Indexes are included with the spectra now, 
enabling our improvement in the certainty with whioh subsequent spectra are 
matched to the primary library. 

This oerlod encompassed a period of peak Viking activity for 
Professor Lederberg and Drs. Levinthal and Liebes. 


V, December 1, 1977 to end of grant, H»y 30, 1980 


In November of 1977, the possibility arose that Professor 
Lederberg might either be taking an extended leave or moving to another 
position at another location. In early 1978, his appointment as President, 
Rockefeller University, was announced. A great deal of the effort during this 
period was devoted to completing work underway and facilitating the orderly 
transfer of equipment and programs. 

Two extensions of the grant period, without additional funds, 
were authorized. The first on October 2, 1978 to November 30, 1979 and the 
second on August 31, 1979 to May 30, 1980. These extensions also changed the 
principal investigator to Elliott Levinthal; Profesor Lederberg having left 
for Rockefeller University in September of 1978. 

A great deal of Dr. Levinthal 's activities during this period 
continued to be associated with the continuation of the Viking project and 
with publications of the results. He produced a stereo movie "Mars in 3-D" 
which presented the lander imagery in three dimensions. 

The attached bibliography lists publications that have directly 
or indirectly resulted from the work under this grant. It is presented in 
three sections. Section I gives those papers, reports and publications that 
originated in the Instrumentation Research Laboratory (IRL). Section II lists 
papers from Dr. Djerassi's laboratory's work on natural products. The 
facilities of this laboratory were supported by IRL. Section III contains 
those papers r rom Dr. Lederberg' s laboratory, supported by NASA, related to 
studies in molecular evolution. 

Append * A gives a summary of the NASA funds awarded during the 
period April 1, I960 to May 30, 1980. 
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APPENDIX A 


Summary of NASA Funds Awarded 


PERIOD AMOUNT 



From 

To 



GRANT 

4/1/60 

3/31/61 

$ 37,605 


Supplements 

1. 4/1/61 

3/31/64 

380,640 


2. 

4/1/63 

3/31/64 

132,000 


3. 

4/1/64 

3/31/65 

485,120 


4. 

2/1/64 

1/31/65 

62,984 

(Mechanical Eng. 
Subtask) 

5. 

4/1/65 

3/31/66 

349,899 

(Includes $52,469 for 
Mechanical Eng. 
Subtask) 

6. 

4/1/66 

9/30/66 

268.460 


7. 

9/1/66 

8/31/67 

448,850 


8. 

9/1/67 

8/31/68 

410,000 


9. 

9/1/68 

8/31/69 

340,000 


10. 

9/1/69 

8/31/70 

340,000 


11. 

9/1/70 

8/31/71 

290,000 


12. 

5/21/71 


50,029 

(Varian-Atlas Mass 
Spectrometer) 

13. 

9/1/71 

8/31/72 

240,000 


14. 

9/1/72 

8/31/73 

180,000 


15. 

9/1/73 

8/31/74 

150,000 


16. 

9/1/74 

8/31/75 

150,000 


17. 

9/1/75 

8/31/76 

110,000 


18. 

9/1/76 

11/30/77 

137.500 


19. 

12/1/77 

12/1/78 

100,000 


Total 

period 

funds awarded 
April 1, I960 

during 

to May 30. 1980 

$4,663,087 
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Ref. DSA/GFS 
f larch 25 , 1959 


Dr. G. F. Schilling, Chief 

Astronomy-and Astrophysics Programs 

Motional Aeronautics and Space Administration 

1520 H Street Northwest . , 

Washington 25, D. C. 

Dear Dr. Schi 1 l ing: 

'•The handbook is only part of the program we have in mind. I am 
enclosing a somewhat more complete statement that may clarify the groun s 
of our request. This is, of course, a preliminar/ formulation; lormal 
proposals will be routed through University channels and will 'nclude, 
for example, the usual allowance for indirect costs on the part or e 

Uni vers i ty. 

What I would like to stress is the need for some expedition especia 
with regard to parts A and B, to assure the continuity of this series of 

studies. 

Copies of the enclosures have been sent to Dr. Odishaw at che 
Space Science Board. From talking with Dr. Rossi, I gather that there is 
some uncertainty as to just how far towards operational work MAS shou.d 
go but I am hopeful that between NASA and NAS the appropriate means can 
ba found to continue our work. Whatever procedure wi 1 1 result .n the 
least diversion of my own time from the scientific issues themselves 
would be most welcome, as I need hardly point out. 

Yours sincerely. 


Joshua Lcderberg 
Professor of Genetics 


Enclosure 
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Preliminary studies on Planetary Biology 


At the request of Prof. Bruno Rossi, acting for the NAS Space Science Board, 

Prof. Joshua Lederberg convened a group of biologists at West Coast universities 
to review some problems of policy in the space research program (particularly bio- 
logical contamination), to suggest seme tangible experimental approaches to tha 
detection of life on other planets, and to stimulate broader interest on the part 
of biological scientists generally so os to evoke further proposals for experimen- 
tation. This groupphas met on two occasions so far: February 2l, 1959 (Stanford) and 
March 21, 1959 (Jst Propuls ion Labs., Pasadena); a next meeting is scheduled for 
Nay 3 > 1959 (Hopkins Marine Station of Stanford University, Pacific Grove). In ad- 
dition to the members listed below, we h3ve had representatives from the Stanford 
Research institute, and from JPL and NASA (A. Hibbs and R. Davies). V»e have reported 
to the NAS through Rossi. and Odisnaw at the Washington office, and to NASA via Hibbs 
and Davies, and also by letter to Jastrow (on the lunar exploration working group 
at NASA headquarters). We have also reported to COSPAR (CETSX) by correspondence 
with Hughes and with Peter Alexander. A jargon, self-indicated name for our group 
has been "WESTEX”. Its university members have been: (l) signifies one mtg. attended 


U. of Cal i forni a (Berkeley): 

Calvin' Chemistry 

Mazia(l) Zoology 

Stanier(l) Bacteriology 

Stent Virology 

Weaver Astronomy 


U. of Cal . (Davfrs): 
Marr Bacteriology 

(La Jol la): 
Urey ( I ) Chemi stry 


U. of Oregon : 

Novlck Bioph ysics 

Cal. Inst, of Technology: 

n Horowi tz Biology 

Stanford University : 

Van Nisi Microbiology 
Krasskopf Geochemistry 
Lederberg Genetics 
(recorder) 


The composition of the group therefore reflects 
a balance between diversity of Interest and locate 
and compactness of size, and convsnlence of assembly. 
Doubtless we could profit by special talents of other 
members, but the group should not be enlarged to the 
point where frequent and easy assembly becomes difficult, 
or where frank and casual discussion is inhibited. 


While many members coubtless came to the first meeting with seme sense of amusement 
and frivolity, it is obvious that the group as a whole is anxious to devote itself to 
tackling the problems of biological exploration with earnest endeavour. Many of its 
members are recognized as leaders In their own scientific fields, and in their academic 
communities. They have many other responsibilities. Nevertheless, there was unanimous 
enthusiasm for the continuation of Its studies, and for meetings at relatively fre- 
quent intervals for mutual education and discussion. F 01 this purpose, and to bridge 
the gap between exploratory discussions and preliminary experiments on one side, and 
tangible proposals and instrumentation for payloads on the other, .we will require a 
substantial measure and continuity of financial support. In this proposal, several 
grades of support are indicated for more and more comprehensl ve activities. While 
the Inst and largest I terns might tie deferred pending the elaboration of mere explicit 
proposals, we should hove prompt verification of support for our current discussions. 

Minutes of Westcx's first meetings are appended. The first meeting (Westex-l ) was 
mainly devoted to problems of policy in celestial contamination, in view of urgont 
needs for the CETEX-COSPAR meetings. In criaf v/e concluded that a basic pal ivy of 
rigorous decontamination of space probes was both essential and feasible, -- modern 
matnods of sterilization having been overlooked in other discussions. At the second 
meeting, tnis policy was reaffirmed. We then heard from Sin ton on Infra-rod reflection 
spectra of Mars, which have furnished virtually conclusive evidence for 'vegetation' . 

We are digesting a number of ideas for improving the quality of this type of 
Information from 'safe' (viz. distant approaches), and tiiis will doubtless be the 
main topic for the near future. Finally we have in mind the careful preplanning of 
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experiments based on 'soft landings', especially on Mars, predicating these for 
about I965. This will allow somewhat over two years for decisions on the most 
efficient types of experiments, leaving an equal length of time for the develop- 
ment and testing of the corresponding Instrumentation. This timetable whi la not 
oppressive still does not allow for an Indefinite waste of time. If properly sup- 
ported, perhaps this might be one program that can be pursued with reasonable dili- 
gence and care rather than frantic haste. There is of course the possibility that 
the schedule may be accelerated (or delayed) by unforeseen technical factors, or 
by the pressure of international competition. Specifications for the vicinal probes 
are perhaps already under substantial pressure of time. 


original page is 
poor quality 
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Proposal: Westex (A) 


Travel, Communications for continued meetings of the Westex 

Group. S $,000 per year. 

This Is based on holding about 10 meetings per year at various locations. There 
Is a substantial advantage in meeting at different places, not only for 
the convenience of Its peripheral members, and to help assure their attendance, 
but also to make further contacts with other local scientists. 

Uhl la the travel costs are reduced by our regional grouping, this rather facilitates 
Our meeting more often and more effectively for a given appropriation, in 
addition, there are substantial telephone charges for related business— the more 
so to make the most effective use of frequent meatings. If Is Ukaly that not 
every member will be abla to attend every meeting. On the other hand wa would 
profit greatly by being able to invite occasional distant 'consultants'-* e.g. 

Fred Sinton at Uastax-2. Admittedly, the development of a field as novel 
(In the U.S.) as astrobiology requires seme expense for Just the education of 
the workers who may participate in it. 

If permissible, seme of these funds (actually an Insubstantial sum) should be 
available for the purchase of reference materials for the use of Westex members. 

On the other hand, at this stage, the time of Westex members is made available 
without cost other than expenses. 



Was tax (d) 

Publication of background information; "Handbook of Planetary Biology" 

From the first discussions with Dr. Rossi, it has been evident that a critical 
requirement for the participation of 'J.5. biologists in space research is the 
collection of background information Ir. a convenient fo r m. This would Include 
resumes of the Westex and 1 Eastcx' meetings, the essentials of present and 
prospective vehicle cooabl 1 i tl es, and the environment (in the vehicle) for 
experimentation, and a critical discussion from the biologist's standpoint of 
available information on the environamnt of Interplanetary space and the 
various planets. Host of this Information can be found in the astronomical 
and other literature, but we know from our own experience hew difficult it 
Is for a biologi st,who has not given much previous thought to extraterrestrial 
science, to acquire this background. For example many of our colleagues still 
believe that the capability for planetary probes Is decodes away (which, hoepfully 
Is not true) so that It would be pointless for them to ottend to this challenge. 
While seme member of CETEX may be able to rob the time from his other duties 
to prepare such resumes, this really is a substantial job, ar.d there Is some 
problem in finding a sufficiently Informed enthusiast to do the work. Fortunately 
Hr. Carl Sagen may be available for sore months this summer, and perhsps again 
after he completes his dissertation ir. astronomy (planetary atmospheres) at the 
Yerkes Observatory. A rut proposed budget would be ZK, 000 for a (part-time) salary '<? 
to Mr. (later Dr.) Sagan as consultant to Westex, plus 33,5CO for Incidental 
costs in secretarial work, duplication, travel, reference mater I al s. hr. Sagan 
might hove several functions: a) in the preparation of the consolidated reports 
of Westex (and, with their approval) Eastex for, perhaps. Journal publication; b) 1 
as an adviser to Westex, particularly In the review of existing literature, and c 
in the preparation of the more extensive handbook. This night have seme 60-100 
pp. The means of its dissemination is c pen to further discussion — cither Infor- 
mal distribution to some few hundred leading scientists, as a mimeographed 1 

bulletin, cr publication by NASA or b/ a commercial publisher (which should not 
be difficult to arrange, If this Is Che best course). 


Westox (C) Exploratory experiments. £10,000 — 50,000 


The design of payload instruments wl 11 have to be backed up by a suUtantia) 
ancunt of laboratory work, since the ok analytical methods are limited by 
restrictions on weight, closeness of approach, automation, and the communi- 
cation bandwidths. For example, there Is relatively little published Infor- 
mation on infrared xa£ak reflection spectra of various materials, as would 
be comparable to Sinton's measurements on Mars. Before any member of 
Westex commits his owntime and resources, to the point of preparing a detailed 
proposal of laboratory work involving large scale support, some exploratory 
observations should be made in one or another laboratory, or perhaps most 
conveniently on a subcontract basis with soma institution such as Stanford 
Research Institute. X For exanpl9, the evaluation of Sinton's work, and its 
usa as the basis for vicinal probes, would be greatly facilitated by the 
measurement of diffusa reflection spectra from model spheres coated with 
various substances ( 3 . 9 ., cellulose; pastes of photosynthetic bacteria). Un- 
questionably many similar questions will arise (and have arisen), it would 
be most expeditious if funds were available to help support exploratory trials 
on points which arise in our discussions. While, in terms of this proposal, 
these would be administered by one responsible grantee (Stanford University) 
it Is understood that thase would be available for expenditures at other 
institutions as will give the most expeditious results in these preliminary 
stages. Further development will be on the initiative of a scientist who 
undertakes the responsibility for pursuing a particular program, and will 
prepare his own budget request for this. 

The scope of these explorations will probably be influenced by the funds that 
NASA is prepared to offer for them. I can visualize effective use of at least 
210,000 per year for a rather limited seal a, or perhaps 250»000 If we con 
have some leeway in purchase of equipment and In preliminary instrumentation 
towards payload designs. Any more extensive expeddi tures should certainly be 
made on the basis of explicit projects, following these explorations. These 
are, of course, uncommonly expensive as they require the development of new 
equipment modifications; In any case, oven commercially available equipment 
in the particular field of molecular spectroscopy Is far from inexpensive. 
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D. Possible Stanford project a. 


This la a preliminary utatenent concerning the possible continua- 
tion of Sagan ‘a present work after he completes his dissertation at Yerkes. 

He has teen studying the spectra of the na^or planets and. Is Interested In 
the Identification of sons Hues with acre c cap lex molecules, e.g., amino 
acids, os mat be expected to be formed photochenically on the basis of 
Millar's exper iments. he la interested in farther model experiments on 
the extent of organic accumulation, especially in gravitational fields— 
which has an important bearing on the possibility of organic sediments, 
e.g., under the Jcriaa oceans. This is precisely the same work as ia 
needed to support experimental designs in ultimate probe* to these planets, 
and it fita very closely with the Martina codeia, In which he is no less 
interested. I would propose to use the opportunity of Hagan' a work as a 
consultant to Western (proposal B) to lay the groundwork for a jaore detailed 
proposal. This would doubtless appear an an application over his own signa- 
ture an rssocnnibla investigator, though I would support thin in every way 
possible. 

Thia statement in race to illustrate one way In which interim 
support for cur group can help to build up momentum for research in 
planetary biology. 

An concerns ny own participation, apart "rtora recording these 
conferences and exciting the interest of ry (acnstimes still diffident) 
colleagues in biology, I would feel no at an heme in any personal laboratory 
work in contact, rather than vicinal, e:perimeats. If ve develop an inter- 
national policy of space exploration that assures an uncon taml n atal field 
of coloration, I should be interested ia developing techniques of cultiva- 
tion and assay for use with soft landings. In view of the indicated timetable, 
I would not need special financial support for another two or three years, 
especially if come exploratory resource a are available from proposal C. 


J. Lederberg 


t 
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December 10, 1959 



Dr. Robert Jastrow 

Chief, Theoretical Division 

National Aeronautics and Space Administration 

6719 Colosvi 1 le Road *■ 

Silver Spring, Maryland ... 


Dear Bob: 




As I indicatad in my memorandum of November 25th, I am willing 
and Interested to sea- what i can do mysal f by way of developing scnve . 
oF the experimentation directed towards tho detection of planetary ... 
life. In view of tha problems that NASA has faced in organizing its 
exobiologlcal program, I have asked the Rockefollar Foundation for 
soma preliminary nonay and they haye agreed to let us have J>IO,OCO. t * 

This will not carry us very far but It will at least let us buy some 
of the equipment wa need to break Into tha problem. I hod thought 
that ’.a could very wel 1 use rot less than £2?,000 during i960 f or the 
most primitive developmental work. I had asked Rockefeller for this 
full amount but they evidently do not feel ready to carry the full 
burden. Certainly by next summer and possibly much sooner, the 
availability of funds will be a serious limiting factor for the 
continuation of our work in this Hold. I would vary much appreciate 
your ndvlca on- the prosoects_of obtaining this support from IJA5A as • • 
of the start of fiscal 1951. 1 believe that my memorandum should 

give enough Information to support this query. Until NASA has both 
the funds and tha review machinery to make grants in this area, it ' . • 
would ba-pointlsss-for me to prepare a rare elaborate prospectus. . 

I rely on' your advice as to when It will bs worth spending tho time 
and effort to write up such a project. Roughly speaking, and if. 
al ? goes reasonably well, I would guess that we would ask for about 
?40,000 o year for fiscal 1951, 1952* and 1953* • The exact amounts < 
required, especially In the later phases of the program, may depend 
on the extent to which we can Interpolate onr Instrument into other 
projects. For example. It will doubtless be necessary to use a 
video-tap** recorder unit for several purposes In planetary 1 nstrumentatlon. 
Tha Ludget I have Indicated probably could rot cv3n cnconpass the purchase 
of such a unit, let alone the necessary development. Tha Ampex Corporation 
tolls me that their ccmr.arcial TV rocordlng system now costs ?52,COO 
for the basic unit and Is, of course, qul to prohibitively massive for 
our Intended application. For the most preliminary stages, however, 

I am confident that v;e could get their cooperation In using their 
cqulpioent for tentative- trials. Meanwhile, there will have to be 
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an Independent development of such apparatus for use In space probes. 
Among the Information we would have to develop would be the alnlmua 
requirements of such a recording (and transmitting) system to do an 
effective Job of biological detection. This aspect of the work has 
to ba done In a biological laboratory such as ours. 

Yours sincerely. 


Joshua Loderberg 
Professor of Genetics 
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Space Science Board, National Academy of Science* 

TEN YEAR PROGRAM III SPACE SCIENCE 
• . (Submitted by J. Lederberg 10/10/59) 

Suggestions for planetary biology. 

The detection and characterization I’greaterextSnt^han in the phylical 
principal alns of spaceflight research. 9 Initial steps, the in- 

sciehces, it Is difficult to plan in detail beyond ‘he '£*'•; c ^' clusions 
formation from which would bo crucial o ^bsequent P> biological 

E&Mrsu p-4-' - 

The following outline* is predicated on the following possibilities for 

vehicular and communications development: 

The satellite telescope (In orbit around earth) 

"^^nTa^oaches Mars, Venus Jupiter, Moon 

orbiters Moon; Mars-Venusl 

controlled landings Moon, Mars, Venus 

landing and return (unmanned) Noon 

Program (in rough sequence only) 

Telescopic observations of Mars and Venus for organic substances In 
atmospheres or surface material. 

8- ditto, by vicina, approach (.his (MU' 

of ^co°?cc t^ng* 1 ens^and^* ts ' s tabt ifzation), compensate for costs of propulsion and 
gul dance. 

3* Orbiters: high resolution optica, (including l« purveys ; jid.con 

.. c w .in firrt tine these will permit explicit 

bioit^ca? 0 "^ In'g^rai? epical ^analysis would precede any comprc- 
hensive biological survey. 

. . . . nUrlfl , studies should take full precedence. Very large 

Moon: Chemical and phy.ic. remotest possibility of dormant 

scale surveys would be "f^cssary^ ^ } |igular ; t ies in surface compos • t ion v.oul d 

bc'possibilc leads for biological followup in ultimate experimentation. 

*« ond Venus: Larger or £ nl»J -J ** £££ «.«•» 

movement by vid.con -urveys. nd a ; r -borne dust, ci tlirr as such, 

•■could detect microorganisms m the so. cs> The saine instrument could 

or after nutrition tilth water on- “ ' identify DJIA ond other Important 

be used for simple cytochcnicat proccJuri s iu • r 
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components of terrestrial life. These biological surveys should be concurrent with 
chemical analysis, which should include tests for organic molecules. The spectro- f 
photometer and mass spectrometer would be useful as terminal sensors for systems of 
biochemical analysis. Automatic culturing devices could Increase the avai l abi I i ty 
of particular kinds of microorganisms, e.g., phototrophs, for cytochemical analysis. 

f * * . • • • . . * •*•*. * 

5 . Return samples (Moon). For any scientific purposes, these should be 
hermetically sealed to avoid exposure to Earth's atmosphere upon re-entry. 

Fortunately, this precaution wil 1 also protect the samples for biological 
analysis. One can suggest some far-fetched possibilities -- e.g. search 
for spores or traces of DNA — but probably it would be more. reasonable to 
complete preliminary chemical studies before programming the biological work. 

• • • •• • • ■ • • 

Even when it becomes technically possible, samples should not be returned 
from other planets until the consequences of possible biological contamination 
of the Earth have been exhaustively studied with the help of remote, telemetric 
instrumentation. . - . • . 


It Is doubtful whether the question of return of manned flights to the 
planets will arise during the 10 year interval. 

The interplanetary medium. Samples of interplanetary particles 
(collected from fttie space as well as on the lunar surfaces) will certainly 
be sought for chemical analysis. These should be collected in such a way as 
to conserve carbonaceous molecules that would be of biochemical interest. This 
qualification will make it necessary to develop new collecting devices avoiding 
he use of grease, paper, millipore filter membranes, and similar articles in 
current practice. • . . . - . . , 
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EXOBIOLOGY, 

EXPERIMENTAL APPROACHES TO LIFE BEYOND THE EARTH 

JOSHUA LEDERBERG 

Department of Genetics, Stanford University, School of Medicine, 

I'nlo Alto, California, US. A. 

Abstract: The detection of lift* beyond the earth is one of the most exciting challenges 
of space science. The problems of exobiology have important implications for 
the development of theoretical biology nnd the understanding of mechanism of 
the evolution of life, as well as for general philosophical conceptions of man's 
place in the universe. 

The critical techniques of actual cxobiological experimentation ure believed 
to be those of microbiology, since micro-organisms for several reasons have a 
most important place in our consideration of program policy and i~ the solution 
of basic biochemical problems. Among the most important of these is the role 
of nucleic acids nnd proteins in the functioning of any organisms that may have 
evolved on other sites. 

The rapid growth of micro-organisms, and the variety of their adaptations to 
different environments, dictate the most rigorous cure to prevent the unwanted 
transfer of contaminants from one planet to another. 

PE3IOMF.: IIohckh *u:ihh nue scmah hhcrkuch o.wni n.i cacisix saxnaTMitaioiipix aaaas 
naysn o kiumucc. Bonpot m no UHcaoiHoft GuOAornH luie-or OtiASiuoe tuir.imic hj pu- 
hiniic icopcrii'irCKoit ohoaui tn« 11 noniiMua lie MCxaHH 3 Ma swahiuiih ruuuh, tu<okc kuk 
m 4AS otinjefi <{)HAocO(J)HMecKoii KOHijcnrjini xiccra aamiciacMoro a taupe mcaobckom. 

Csitractcs, sro nauuicmiiei' rexmiKoft coiipeMCHHbix uhc 3 cmhmx OiioAontMecKiix 
ornaioH MBAiicTcs MitKpofiuoA mw, miiwy loro, s ro MHKpoopraHiiaMM aamiimahit no 
MHoruvi npiiHimaM rAaBHoe taecro, npiwiaiai bo dhiimuhiic riporpaMMy 11 pcmemie 
ochohhmx (iiioxiiMimecKHX 3 a,;.m ; 0411011 113 castbix aaiKtibix 113 max sb.vsctcs poab 
HyKAciiKOHbix KiicAor 11 itporemioB n tJiyiikijnoHiipoBjwtn Kaxuoro opraxiUMa, Moi-y- 
iijcio pasuitThcs b 4pyn<x oCauctsx tipocrpaiicrBa. 

libicrpoe pa 3 RiiTue MiiKpoopraini'jMon 11 paaiioBu.nias iipucuocoGAncMom. K paa.viri- 
HblM ycAOBHMM, yKa 3 MB 3 IOT lia HCO6xO4HM0CTb .IpllllHTUX CTponiX MCp K 0pC40T»pa- 
Hjcnitio iieaicAarcAbHoro iirpcMCigcHiw sapaamax HacTinj c 0411011 iiAaiicTM 11a 4pyr v io. 


Resume: l.a detection de la vie hors de In tern* est 1'une ties questions les plus interes* 
sanies de la science sputiale. la- problcmc est d'une grande |«>rti ! e pour les foudatiuns 
tie la hiologie theorique, t*t nussi pour lo concept philosuphiquo ilo In placu de 
Thoinme duns I'univers. 

Les techniques principales tie rexohiologie thtiwnt vt*nir tit- la microhiologie 
terrestre puistpie les inicroorganisiues occupent uue place impnrtonte tlaus la 
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programme d’exploration de l’espace. et pour la resolution des questions fonda- 
mentnles de In chiniie biologique, par exetnple, le role ties acides nueWiques et do* 
protdines dans rdconomie vitale des orpnnismes des autres mondcs. 

La croissance rapido des microbes, la diversite de leur possibilite d'ndaptat.on 
aux different* milieux, exigent les plus rigoureuses precautions pour eviter le conta- 
mination entre les corps celestes. 

It is a piivilege to discuss some basic problems in biology with an audience 
whose special concern is for the recent striking advances in the physics of 
the earth in the solar system. However, many of us are looking forward to 
the close investigation of the planets and few inquisitive minds can fail to 
be intrigued by what these studies will tell of the cosmic distribution of life. 
To conform to the best of our contemporary science, much thoughtful insight, 
meticulous planning, and laboratory testing must still be invested in the 
experimental approaches to this problem. This may require international 
cooperation and also, perhaps more difficult, mutual understanding among 
scientific disciplines as isolated as biochemical genetics and planetary 

astronomy. • _ . , 

Many discussions of space exploration have assumed that exobiological 

studies might await the full development of the technology for manned space 
fli"ht and for the return of planetary samples to the terrestrial laboratory. 
To be sure, these might be preceded by some casual experiments on some 
instrumented landings. One advantage of such a program is that time would 
allow exobiological experiments to be planned with composure and deli -el- 
ation. Undoubtedly, this planning would be move rigorous insofar as it was 
based on improved knowledge, from closer approaches, of the chemistry and 
physics of planetary habitats. Unfortunately, this orderly and otherwise 
desirable program takes insufficient account of the capacity of living organisms 
to grow and spread throughout a new environment. This unique capacity 
of life which engages our deepest interest also generates our gravest concerns 
in the scientific management of missions beyond the earth. On account o 
these, as well as of the immense costs of interplanetary communication, we 
are obliged to weigh the most productive experiments that we can do by 
remote instrumentation in early flights whether or not manned space flight 
eventually plays a role in scientific exploration. 


Motivations for exobiological research 

The demons which lurk beyond the Pillars of Hercules have colored the 
folklore and literature of ages past and present, not always to the benefit of 
fruitful exploration and dispassionate scientific analysis. Apart from such 
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adventuresome amusements .and the amateur delights of a cosmically enlarged 
natural history, how does exobiology relate to contemporary science and 
culture? The exploration of space may seem to have very little to do with 
fundamental questions in biology or medicine, with the role of genes and 
, ombryological development, protein synthesis, the biology of viruses or the 

evolution of sj>ecies. To answer this question we may consider one aspect 
of the history of the physical sciences. Twenty-five centuries of scientific 
astronomy have widened the horizons of the physical world and the casual 
place of the planet Furth in the expanding universe is a central theme in our 
modern scientific culture. The dynamics of celestial bodies, as can be observed 
from the earth, is the ! idlest inspiration for the generalization of our concepts 
of mass and energy throughout the universe. The spectra of the stars likewise 
testily to the universality of our concepts in chemistry. But. biology has 
lacked tools of such extension, and life until now has meant only terrestrial 
life. This disparity in the domains of the physical versus the biological 
sciences attenuates most of our efforts at the construction of a theoretical 
biology as a cognate of theoretical physics or chemistry. For the most part, 
biological science has been the rationalization of particular facts and we have 
had all too limited a basis for the construction and testing of meaningful 
axioms to support a theory of life. At present, perhaps the only potentially 
universal principle in biology is the Darwinian concept of evolution through 
the natural selection of random hereditary fluctuations. 

Rome chemical attributes of terrestrial life might support a claim *o be 
basic principles: for example polyphosphates (adenylpjTophosphate) occur 
in all organisms as coupling agents for the storage and transfer of metabolic 
energv . T*ut at least in principle, we can imagine tb.it organisms may have 
hmml alternative solutions to the same problem. Only the perspective of 
comparative biology on a cosmic scale could tell whether this device is an 
indispensable element of all life or a particular attribute of its local occurrence 
on this planet. 

An important aim of theoretical biology is an abstract definition of life. 
Our only consensus so far is that such a definition must lie arbitrary. If life 
has gradually evolved from inanimate matter, the demarcation of chemical 
from biologir.il evolution is one of useful judgment. For a working principle, 
we might again rely upon the evolutionary concept : a living system has those 
properties (of self-replication and metabolism) from which we may with more 
or less confidence deduce an evolutionary scheme that would encompass 
self evidently living organisms. But 1 do not propose this as a rote formula 
for tin- assessment of other celestial bodies and certainly not before we have 
some empirical knowledge ol the diversities of chemical evolution. 
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From this standpoint the overriding objective of exobiological research is 
to compare the over all patterns of chemical evolution of the planets, stressing 
those features which are globally characteristic of each of them. 

V.'e are all thinking of the question: “Is there life on Mars?” To answer it 
may require a careful reassessment of our meaning of “life” and matching 
this with the accumulation of hard-won evidence on chemical composition 
of that planet. On the other hand, we might be confronted with an object 
obviously analogous to an earthly plant, animal or microbe. But even this 
abr:t«t answer would he trivial in deference to a biochemical analysis of the 
organism and its habitat for comparison with the fundamentals of terrestrial 
life. 

In our first approaches to the nearby planets we will wish to design experi- 
ments which have some tangible foundation in the present accumulation of 
biochemical knowledge. The aqueous environment, and its corollary of 
moderate temperatures in which large carbonaceous molecules are reasonably 
stable, are implicit in terrestrial biochemistry. This is not to reject the abstract 
possibility of nonaqueous life, or noncarbonaceous molecules that might 
characterize temperatures of <200 or >500 3 K. However, we can defer 
our concern for such exotic biological systems until we have gotten full 
value from our searches for the more familiar, and have learned enough of 
the exotic chemistry to judge how to proceed. 

Within the bounds of its aqueous environment, what are the most nearly 
universal features of terrestrial life? In fact, our plants, animals and bacteria 
share a remarkable list of biochemical components and a biochemist cannot 
ea-tly distinguish extracts of yeast cells and beef muscle. Among these 
components, the nucleic aridi warrant first attention. Although they constitute 
the hereditary material, so that nil the variety of terrestrial life can be 
referred to subtle differences in the nucleic acids, the same basic structure is 
found in the nuclei of all cells. This is a long, linear polymer fabricated from 
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The meaningful variety of nueleio acids depends on the speoiflo order of the 
side-group attached to each sugar or this monotonous backbone, a linear 
message written in a language of four letters, T, C, A, G. The bacteria, whioh 
are the simplest free-living organisms, contain nucleotide sequences about 
5 000 000 units long; man has about 5 000 000 000 — tills content being 
one of our best, objective measures of biologioal complexity. On the other 
hand, the simplest viruses, which can multiply only inside living cells and 
come dose to being single genes, have about 2500 units per partide. Playing 
a central role in the unification of terrestrial biology, nudeio adds underly 
both heredity and, (through their control of protein synthesis) development. 
Are they the only linear polymers whioh can subsume these functions, or will 
many other fundamental types have evolved, to be found on other celestial 
bodies? 

Equally general among the constituents of living cells are the proteins, 
which are also polymers, but of a more diverse set of constituents, some 
20 amino acids. The fundamental backbone of a protein is a poly-amino 
acid chain: 


H— XH— CH— CO— XH— CH-CO .... XH— CH— CO— OH 
R R R 

where R may be any of twenty different groups, distinguishing a like number 
of amino acids found in natural proteins. Proteins assume a wide variety of 
three-dimensional shapes, through coiling and cross-linking of the polymer 
chains. They are in this way suited to perform such diverse functions as those 
of enzymes, structural elements, and antibodies. Not only do we find just 
the same 20 amino acids among the proteins of all terrestrial organisms, but 
these are all the levo-isomers, although dextro-amino acids are found to 
have other metabolic functions. Next only to the incidence of nucleic acids, 
we would ask whether exobiota make analogous use of proteins, comprising 
the same amino acids, in hopes of understanding what seem to be random 
choices in the sculpture of our own living form. 

Common to terrestrial life are also a number of smaller molecules which 
are involved in the working metabolism of the cells; for example most of 
the B vitamins have a perfectly general distribution. They are vitamins for 
us only because we have learned, in our evolutionary history, to rely on their 
production by green plants, rather than to synthesize them within our own 
cells. But once formed, these vitamins, and similar categories of substances 
such as porphyrins, play entirely analogous roles in the metabolism of all cells. 

A few substances, such as the steroid hormones, do play special roles in the 
metabolism of higher organisms, and testify to some progress in biochemical 
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evolution. In fact, most objective evidence points to a loss of speciflo functions 
- microorganisms are certainly more versatile and less dependent than man 
is on a specific nutrient milieu. The main burden of evolution firom the 
prototypes of one to the other has not been to develop new biochemical unit 
processes but to coordinate them In time and space. 

While we propose to give first priority to these most general questions, 
they by no means exhaust our internet in the pecularities of extra-terrestrial 
organisms, any more than they would for a newly discovered phylum of the 
earth’s own repertoire. Nor should we even preclude the possibility of finding 
new organisms that might be economically useful to man, just as they were 
among the most fruitful yields of geographic exploration. However, the 
enlargement of our understanding, rather than of our zoos and botanical 
gardens is surely our first objective. 

Theories of the origin of life 

At this point, a consideration of contemporary theory on the origin of life 
is justified for two reasons: (1) exobiological research gives us a unique, fresh 
approach to this problem, and (2) we can find some basis to conclude that 
life need not be so improbable an evolutionary development as had once 
been speculated. 

The interval between Pasteur's work cm spontaneous generation and the 
recent past has been especially difficult for the mechanistic interpretation 
of i he origin of life. Before Pasteur’s time, many investigators could believe 
that simple microorganisms arose spontaneously in nutrient media. His 
demonstration that such media remained sterile if properly sterilized and 
protected seemed to disqualify any possibility of “spontaneous generation”. 
His conclusion was of course overdrawn, since life must have evolved at least 
once, and the event could still occur though very much less frequently than 
had been supposed before. Meanwhile, the problem was compounded by the 
growth of biochemical knowledge. We now realize that bacteria, as small as 
they are, are still extremely complex, well-ordered and representative 
organisms. The first orgaiusnis must have been far simpler than present-day 
free-living bacteria. 

With the growth of genetics since 19». and the recognition of the self- 
replicating gene as the elementary basis of life, the question could focus on 
the origin of the first genetic molecule: given the power of self-replication, 
and incidents of stochastic variation, Darwin’s principle could account for 
the eventual emergence of any degree of biological complexity. 

An immense amount of fruitful genetic work has been done in a period 
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when “genetic molecule" was an abstraction and “self replication" an 
axionuuic principle whose chemical basis seemed beyond the possibility of 
human understanding. Now we recognize that the nuoleio adds are the 
material basis of heredity and can begin to construct mechanistic models of 
their replication. The first principle, as already stated, is that the gene is a 
string of nucleotides each position in the string being marked by one of the 
four nucleotide units A, T, C, and G. The polymerization of such strings by 
the union of the monomeric units presents no fundamental problems, but 
self-replication would necessitate the assembly of the units in a specific order, 
the one dictated by the order of the nudeotides in the parent moleoule. The 
key to the solution of this problem was the realization by Watson and (kick 
that the complete nudeic acid molecule is a rigid, duplex structure in which 
two strings are united. In that rigid structure, as can be shown by suitable 
molecular models, adenine occupies a space which is just complementary 
to that of thymine, and cytosine is likewise complementary to guanine. 
A string can therefore replicate, i.e. direct the assembly of another daughter 
string, in the following way. The nutrient mix of the cell contai is all four 
nucleotide units. However, at any position of the parent nucleic acid molecule 
only one of these four can make a suitable fit and will therefore be accepted. 
After being accepted, the daughter units are firmly bound together by new 
chemical linkages giving a well-defined daughter string. Kornberg has recon- 
structed most of these events in some detail, by means of extracts from 
bacteria, to the very verge of proven duplication of genes in a chemically 
defined system in the test tube. 

However, the media in which such syntheses can occur, in the cell or even 
in the test tube, are extremely complex. Given that the simplest organisms 
would be the most dependent on their environments for raw materials, where 
did these precursors come from before living organisms had evolved the 
enzymes to manufacture them? 

Thanks to the insight of Haldane, Oparin, Horowitz and others, we now 
realize that this paradox is a false ono, though it dates to the confusion 
between "carbon chemistry” and “organic chemistry" which still exists in 
English terminology. In f jt, in 1828 , Wohler had already shown that an 
organic compound, urea, could be formed experimentally from an inoiganie 
salt, ammonium cyanate. A hundred years later, a number of routes for 
synthesis of geochemically significant amounts of complex organic materials 
were pointed out, for example the hydrolysis of metallic carbides, and sub- 
sequent reactions of olefins with water and ammonia. More recently, Miller 
and Urey demonstrated the actual production of amino acids by the action of 
electric discharges on gas mixtures containing the hydrides NH a , OH 2 , and 
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CH This demonstration converges with other arguments that the primitive 
atmosphere of the earth had just auch a reduced composition, becoming 
oxidised secondarily tnnd in part through photosynthetic separation of C 
from 0 2 ). 

An alternative origin of carbonaceous molecules is even more pervasive. 
Perhaps we associate carbon with life, and rocks and metals with physical 
phenomena - beyond doubt we tend to connote the latter with the predom- 
inant substance of the universe. In fnct, as a glance at tables of cosmic 
abundance will show, the liguter elements by far are the most prevalent 
and after the dispersed II and He these are C, 0 and N. The primitive con- 
densfttion of free atoms t" form the interstellar smoke, and eventually the 
stars themselves, uust entail the molecular aggregation of H + C+O + K; 
i.e., a large fraction of the condensed mass of the universe must consist, 
or once have consisted, of organic tnaeromolecules of great, complexity. The 
chief problem for their synthesis is in fact not a source of chemical energy 
but how to dissipate the excess energy of reactions of free atoms and radicals. 

This aspect of astrophysics may have place for a remote biological analogy : 
once a few molecules have formed, the energy of subsequent impacts can be 
dissipated among the vibrational degrees of freedom. That is, such molecules 
can function as nuclei of condensation. Those molecules will be favored, as 
seeds for further condensation which (1) most readily dissipate the energy o 
successive impacts and (2) cun undergo molecular fission to increase the 
number of nuclei. The actual molecular chemistry of the interstellar (or 
prestellar) smoke is thus subject to a kind of natural selection and cannot he 
a purely random sampling of available atoms. 

Whether the earth lias retained remnants of this chemistry is hard to say. 
Tiiere is at least some evidence of it in the spectra of comets, and fragments 
from these continue to form part of llie meteoroidal infall. These particles, 
unless associated with larger meteorites, would be unrecognizable after 
traversing the earth’s atmosphere - they are among the possible treasures to 
find buried in protected crevices on the moon. 

Light traversing the interstellar smoke has been found to be polarized. 
If primitive aggregation plays some role in furnishing precursors for biological 
evolution, this polarization furnishes at least one bias for a decision between 
lcvo- and dextro-isomers. 

At any rate, possible sources for probiotic nutrition no longer pose a 
problem. Before the appearance of voracious organisms, organic compounds 
would accumulate until they reached equilibrium with thermal and radiative 
decomposition, from uhich the oceans would furnish ample cover. Locally, 
the concentration of the soup would he augmented by selective evaporation, 
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ami by adsorption onto other minerals. The main gap in the theory, not 
yet bridged by any experiment, is the actual formation of a replicating 
polymer in such a morass. We are beginning to visualize the essential con- 
ditions for chemical replication and its ultimate realization is foreshadowed 
both by biochemical studies of nucleic acids and by industrial syntheses of 
stereospecific polymers. 

There is some controversy whether nucleic acids were the first genes, 
partly because they are so complex, partly because their perfection hints at 
an interval of chemical evolution rather than one masterstroke. The advantage 
of the nucleic hypothesis is that no other self-replicating polymers have so far 
been found. But ns au alternative speculation a simplified protein might 
replicate by the complementary attachment of acidic vs. basic unit oerhaps 
the crudest possible method of assembly. The nucleic acids would be period ions 
on this theme for replication. The existent proteins do not replicate; with 
their variety of amino acids, they would have evolved as better adaptations 
for assuming specific shapes. A comparative view of independent evolutionary 
systems may at least serve to check such speculations. 

Although many steps in the generation of living molecules remain to be 
recreated, we can state this as a relevant problem for cxobiological study, 
with considerable optimism for the prevalence of life elsewhere. A sterile 
planet, too. would be of extraordinary interest to biology for the insight it 
should give on the actual progress of probiotic chemical evolution. 

Natural and artificial panspermia 

Jhe foregoing discussion tacitly assumed that the evolution of planetary 
life was a local phenomenon, independent of its incidence elsewhere. But, at 
a time when de novo generation seemed less plausible than it does now, 
Arrhenius defended another hypothesis: jtantperrnia, the migration of spores 
through space from one planet to another. The credibility of the panspermia 
hypothesis has been eroded mainly for two reasons: (1) the lack of a plausible 
natural mechanism for impelling a spore hearing particle out of the gravita- 
tional field of a planet as large a*s the Kartli, or any planet large enough to 
sustain a significant atmosphere and (2) the vulnerability of such a particle 
to destruction by solar radial ion. In any case, panspermia could be disparaged 
for cvad.ng t lie fundamental problem, by transposing it to an unknown, 
perhaps scientifically unknowable site. These difficulties have impeached the 
standing of panspermia as an experimentally useful hypothesis, but not its 
immense significance for cosmic biology. In its defense, it might be indicated 
that the hazards of exposure to space may be exaggerated, taking account 
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of the dormancy of microorganism, in high vacuum and low temperature, 
and their relatively low cross-section for ionizing radiations. The chief 
hazard to microorganisms might come from solar ultraviolet and the proton 
wind, but a thin layer of overlying material would shield a spore from tin so 
For the impulsion of particles we might possible appeal to impacts with othc 
heliocentric bodies, be they grazing meteorites or planetoids in cataclysmic 
encounters - suggestions not more remote than those invoked for ot 
astronomical phenomena. Nor can we be sure that all the olectrokimi c 
mechanisms which Arrhenius may have had in mind ran be excluded from 
applying to any single particle. In testing for panspermia, we would bo 
concerned first of all for evidence of interplanetary transport of any muter,..!. 
The moon suggests itself as a nearby trap for particles of terrestrial origin 
among which living spores or biochemical fragments of them nog • 
most characteristic markers. At one spore per kilogram of sample, a weight 
ratio of 10-“, the sensitivity of easy biological detection partly compensates 

for the vulnerability of spores to physical hazards. . 

The development of rocket -impelled spacecraft has. of course, furnished a 

mechanism for orti/icM Several authors have ^■• 5^??. 

Hahlane'a passing suggestion that life might even have been thssomma , lb} 
intelligent beings bom other stellar systems. That another notary of pi .due- 
tlve science and technology could give the human speetes tins rap.bd.ty 
would be hard to dispute. The hypothesis is connected w,t h the age »r ngcW 
ness of the universe - until we have a basis for decision on this point an 
can make independent tests for intelligent life elsewhere it must join natural 
panspermia in the limbo of irrefutable, untestable sc.ent.fic hypo.lures. T he 
technique for attempted radio communication with nearby stars has bet, 

detailed recently by Cocconi and Morrison. 

These new tools for the exploration of the universe have caught many of 
us unaware., and few can pretend to have recaptured their equilibrium i.t 
dealing with these concepts. Irrefutable notions have little scum die >ah.e 
unless they lead to attempts at verification. A priori argumen s o. • 
presence o*r absence of intelligent life on the planets or m nearby .tellar 
systems are equally unconvincing. The skepticism of most see. ti.it s is 
justified not by conviction but by the consistency of negat.ve evidence in 
the limited scientific data that have so far been collected. 


Planetary targets 
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nearly resembling the habitat of the earth. The indicated scarcity of free 
moisture ami oxygen would severely limit the occupation of Mars by t»an or 
most terrestrial animals. However, there seems little doubt that many simpler, 
earthly organisms could thrive there. Indeed, many students have concluded 
that Mars does have a biota of its own. The most pertinent evidence is perhaps 
the infra-red reflection spectrum recorded by Sinton which indicates nu 
accumulation of hydro-carbonaceous materials in the dark areas, i his is 
complemented by Do) If us’ report (cf. this Symposium) on the seasonal 
changes of granularity of these areas. The main reservation that must be 
registered is that these might be meteorological phenomena involving masses 
of material whic h may be carbonaceous but not necessarily living. Most such 
material on the earth's surface is associated with life. However, this may be 
connected with the greedy utilisation of such compounds by organisms 
rather than their production by vital synthesis. However, the most plausible 
explanation of the astronomical data is that Mars is a living planet. 

The habitability of Venus is connected with its temperature, a highly 
controversial subject. Perhaps the most useful first contribution to the 
exobiolog v of this planet would be a definitive measurement of its lcmper.it me 
profile. Even should the surface be unbearably hot, tlii- need not preclude a 
more temperate zone at another layer. 

The exposure of the moon’s surface to solar radiation and its absence of a 
significant atmosphere have discounted the possibility of a lunar biology. 
However, the composition of the moons deeper layers, front even a few 
meters beneath the surface, is very much an ojtcn question (cf. Urey, this 
Symposium) particularly in the light of Kozyrev’s recent reports of gaseous 
emissions. Realistic plans for the biological study of the moon probably must 
await the results of chemical analyses. Apart front the remote possibility of 
indigenous life the moon is a gravitational trap for mcteroidal material. We 
may eventually be able to screen large quantities of this virgin material for 
what Haldane called astroplaiikton — the empirical test of the patts^termia 
hypothesis. While exposed deposits would be subject to solar degradation, 
shaded refuges must r’so exist. Mercury may be analogous to the moon, 
except insofar as its Hark side may furnish in even more reliable, though 
much remoter, refuge of this kind. 

It may be academic to discu>s the exploration of the major planets in view 
of their distance and the difficulty of deceleration in the Jovian field. However, 
their wealth of light elements, subject to solar irradiation at temperatures 


• Thu term “vegetation" is often used this eliould lie disrouraitecl if it implies 
th.il the Mart iun bi«U will iirei-snrily fall inf- tin- taxon, ante divisions that we know 
on earth. 
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and in gravitational fields very different from tin- earth's offers the most 
exciting prospects for novel biochemical systems. 


Experimental approaches 

Our treatment of this topic warrants the utmost humility from a realistic 
view of our limitations. Useful landings on planetary targets are fraught with 
diflicultics and hazards; experiments to be conducted at some distance from 
their targets should not be overlooked in the excitement of planning for more 
adventurous missions. Balloon- and satellite- mounted telescope* can tell 
much about planetary chemistry and heme biology and probes to the vicinity 
of the targets can furnish additional information prior to actual landing. 

It is instructive to ask ourselves how we might diagnose the existence of 
life on t lu* earth from distant observations. If we may judge from the photo- 
graphs so far obtained from high altitude rockets, we could hope to detect 
only bug.- scale manifestations of organized culture cities, roads rockets. 
This reserve may nut give due credit to the possibilities of high resolution 
photography and sensitive infra-red spectrometry, and reasonable implications 
from seasonal changes in the color and texture of terrain. However, we may 
conclude that distant approaches will be invaluable for preparatory chemical 
information, but probably will not be decisive for cxobiological inferences. 
Even if we could more surely decide that the Martian cycle involved living 
organisms rather than inanimate chemical transformations we would still 
have little insight into the intimate biochemical details which are a major 
objective of cxobiological research. On the other hand, like our own extensive 
deserts and deep waters, a planet could harbor an extensive biota that would 
defy detection from a distance. 

Microorganisms, for many reasons, are the best prospects on which to 
concentrate marginal capabilities. They are more likely to flourish in a 
minimal environment than larger organisms. The microbes must also precede 
the maerohes in evolutionary sequence though we must not suppose that 
present day bacteria are necessarily very primitive. The earth is well endowed 
with both kinds of organisms; we can imagine another world with only 
microbes; hut we cannot conceive of one lacking microbes if it bears any 
form of life at all. Likewise, taking tile earth as a whole, wt* find that large 
organisms occupy only a small fraction of the surface. However, we can 
reasonably expect to find evidence of microscopic life in any drop of water, 
pinch of soil, or gust of wind, (liven a limited sample for st mly, microbiological 
analysis will certainly give the mo-t reliable diagnosis for the presence of life 
anywhere on the planet. By the same odd the greatest diversity of bioehetii- 
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ical mechanisms will be represented among the microbiota of a small sample. 

Microbiological probes also offer distinct advantages for the collection and 
analysis of living material. Starting from a single particle, microbes can 
easily be cultivated w'thin the confines of an experimental device. In this 
they remain accessible to physiological and chemical experiments that would 
be extremely cumb .'some for larger organisms. (Compare, for example, the 
automatic instrumentation that would be needed to catch a mouse or an 
elephant and then to determine its nutritional requirements.) The techniques 
of cytochemistry as have already been developed for the chemical analysis 
of microscopic cells and organisms appear to be the most readily adaptable 
to automation and telemetric recording, an important advantage under the 
existing pressure of time, talent and cost. Important issues of policy cannot 
be decisively settled without factual information on the growth capacity 
of the microorganisms that might be exchanged among the planets. Accord- 
ingly, the methodological precedents in terrestrial science for exobiology are 
most evident in microbial biochemistry. The conceptual aims are equally 
close to those of biochemical genetics. Needless to say no other resource or 
objective of serious biological science can be neglected in the development of 
an experimental program. 

Aside from the experimental designs, the pace of exobiological research may 
be regulated by advances in vehicular and guidance capabilities and data 
communication. In the expectation that these will remain in reasonable 
balance — for static or real time television communication with the planetary 
probe - the microscope may be the most efficient sensory instrument. 
The redundancy of a pictorial image is not altogether wasted: would we 
confide in a one-bit pulse from an efficient black box to answer our cosmic 
queries? 

According to this experimental concept, the terminal microscope-vidicon 
chain must be supported by three types of development: 1) for collection and 
transport of speciment to the aperture of the microscope; 2) for cytochemical 
processing of t he samples; .3) for protection of the device from environmental 
hazards, its apt location after landing, provision for illumination, focussing, 
and perhaps preliminary image selection. Detailed studies of these problems 
are only just under way, and the following suggestions are only tentative. 

The easiest specimens to obtain may be atmospheric dust and samples of 
surface soil once the device has been landed. These are collected on a travelling 
ribbon of transparent tape which is thrown out and then rewound into the 
device. Larger samples, collected by ii soil auger, could be subjected to a 
preliminary concentration of non-mineral components by flotation in a dense 
liquid. The use of such a tape simplifies the problem of treating the samples 
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with a succession of reagents, for nxntuple specific enzymes ami fluorescent 
stains which allow for the detection of nucleic acids and proteins. Microscopy 
with ultraviolet light. particularly at 2tUH)ntul 2801) A. owing to its selectivity 
for nucleic acids and proteins may lie the most direct way to distinguish 
microorganisms from mineral particles. Generally speaking, the microscope 
can he adapted to many simple analytical procedures whose construction on 
a larger scale would present lormidahle problems for automatic technique. 

The adaptation of the microscope system to a payload can he untertaken 
more realistically when laboratory prototypes have been built and tested. 
I' or example, we will ha\e to decide between accurate pie focussing of a 
microscope whose lenses and entry slit are mounted in a rigid structure and 
continuous control of focus by an optically controlled servo system (an 
innovation that would be far from useless in the biological laboratory). 
Fluorescent staining may facilitate automatic discr animation for conservation 
o‘ ladio power: the traxellinti t ihbou can be stopped mil the \ idirou trfln** 
milter activ iled ju.~t when a stainid object is in view. 

These preliminary experiments can indicate some of the general features of 
the planetary microbiota. The data they furnish will support more intensive 
studies id the growth characteristics, chemical composition and enzymatic 
capabilities of organisms cultivated on a larger si ale. The interaction of 
these organisms with tissue cultures of animal cells can also be considered. 
I t orn the results of these initial probes we can better deduct* how to anticipate 
the long range consequences of the intercourse of planetary biota. 


Conservation of natural resources 

A corollary of inlet planetary communication is the artificial dissemination 
"f terrest rial life to new habitats. 1 1 istory shows how t lie exploit at ion of new I v 
found resources has enriched the human experience; equally often we have 
seen great waste and needless misery follow from the thoughtless spread of 
disease and other ecological disturbances. The human species has a \ital 
stake in the orderly, careful, and well reasoned extension of the cosmic 
trout ier ; it will be a crucial measure ol the mat urity of our nut ional consciences 
and their concern lor posterity, how we react to the adventuresome and 
perplexing challenges of spacelhght . 

1 lie introduction ot mierolii.il life to a previously barren planet, or to one 
occupied by a less adapted form can result in the explosive growth of the 
implant with consequences of geochemical scope. W ith a generation time of 
minutes, and easy dissemination by winds me! eurieuts. common bacteria 
could occupy a nutrient medium the si/.e of the earth in a few d iys or weeks. 
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being limited only by the exhaustion of available nutrients. It follows that 
we must rigorously exclude terrestrial contaminants from our spacecraft. This 
stricture must hold until we have acquired the factual information from which 
we can assuredly assess the detriments of free traffic, and whether these arc 
small enough to warrant the relaxation of these controls. 

At the present time, the most obvious values that would he threatened by 
contamination are scientific ones. The ovcrgiowth of terrestrial bacteria on 
Mars would destroy an inestimable prize for the understanding of our own 
living nature. Kven if an intemperate mission has not contaminated a planet, 
the threat of its having done so will confuse later studies, if earth like organ- 
isms arc then found. However, other values are in question. Quite apart from 
strictly scientific concerns, would we not deplore a heedless intrusion on other 
life systems? It would be rash to predict too narrowly the ways in which 
undisturbed planetary surfaces, their indigenous organisms, their molecular 
resources may ultimately serve human needs. If we have cause to prejudice 
these values, we surely would not wish to do so by inadvertence. 

To do this effectively requires a nice appreciation for the ubiquity and 
durability of bacterial spores, which are well preserved in high vacua and at 
low temperatures, and are only rapidly destroyed when kept at temperatures 
over ltiO°C. It is probable that spacecraft can be disinfected by the con- 
scientious application of gaseous disinfectants, especially ethylene oxide, 
but this will succeed only if the procedure is carried out meticulously and with 
controlled tests of its effectiveness. Sealed components, if found to be potential 
sources of contamination, can be disinfected by chemicals, prior to sealing, 
or subsequently by heat , or irradiation at very high doses. The technology of 
disinfection is an expert one, and personnel already experienced in it should 
be delegated supervisory control. 

The assessment of this problem involves a concept of risk that has not 
always been perceptively realized. The hazards of spaceflight itself, or of hard 
impact, or the planetary environment might suffice to neutralize any con- 
taminants: but can we afford to rely on any uncertain suppositions when the 
stakes are so high, and when we have practical means at hand for conservative 
piotection? Wo must lie especially sensitive to the extreme variations in the 
environments of spacecraft or of planetary surfaces which might furnish 
refuges for microbial survival no matter how hostile the average con- 
ditions. 

The indications by agencies both in the U.S. and the U.S.S.U. that adequate 
precautions will be exercised on all relevant missions are an important step 
in the realization of constructive exobiology. 

Scientists everywhere will call for the application of these measures with 
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the same caro and enthusiasm as the more positive, exciting and patently 
rewarding aspects of space research. Scientitic microbiology in the laboratory 
is absolutely dci»endout on the rigorous application of the special technique 
of pure culture with aseptic control. If wo do not exercise the same rigor in 
space sconce we might as well save ourselves the trouble of thinking about 
and planning for cxobiological research. 

While early traffic to the planets will he one-way, we must anticipate the 
capability of round trip and even of maimed spaceflight, rnrlouhtedlv. 
planetary samples can he analysed for am scientitic purpose more con- 
veniently and more exactly in the terrestrial laboratory than by remote 
de\ ices, lor each step of analysis, special devices can he used (or if need 
he newly designed and constructed) and a constant give-and-take between 
human judgment and instrumental datum i< possible. However, the return 
of such samples to the earth exposes ,.y to v hazard of contamination by 
foreign organisms. Since we are not yet quite certain of the real existence of 
planetary (i.e. Martian) organisms, and know nothing of their properties, it is 
extremely difficult to assess the risk of the event. The most dramatic hazard 
would be the introduction ol a new disease, imperilling human health. What 
we know of the biology of inflation makes this an extremely doubtful 
possibility most disease-producing organisms must evolve very elaborate 
adaptations to enable them to resist the active defences of the human body, 
to attack our cells, and to pass from one person to another. That a micro- 
organism should have evolved siieli a capacity in the absence of experience 
with human hosts or similar organisms seems quite unlikely. However a 
converse argument can also he put . that we have evolved our specific defences 
against terrestrial bacteria, and we might be less capable of coping with or- 
ganisms that lacked the proteins and carbohydrates by which they could bo 
recognized as foreign. Furthermore, a few diseases are already known (e.g. 
psittacosis, botulism, aspergillosis) whose involvement of man seems to l»e a 
biological accident. Those arguments can only be resolved by more explicit 
data. Nonetheless, if they are harmful at all exobiota are more likely to be 
weeds than parasites, to act cm our agricultiuc and the general comfort of 
our environment, and to be pervasive nuisances than acute nggressois. 
However, even the remotest risk of pandemic disease, and the greater like- 
lihood of serious economic nui-aiice, must dic tate a stringent embargo on the 
premature return of planetary samples, oi craft that might inadvertently 
carry them. Again, our preliminary experiments must give us the foundation 
ol knowledge to cope with exo organisms, ev n select those which may he of 
economic benefit. A parallel development of technique for disinfection may 
mitigate some of these problems at present tin- prospects for treating a 
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returning vehicle to neutralize any possible hazard are at best marginal by 
comparison with the immensity of the risks. 

Of the possible payloads for interplanetary travel, living man of course 
excites the widest popular interest. In due course, he may be supported by a 
sufficient payload to accomplish useful tasks in exploration beyond the 
eapacit ics of instrumentation. However, he is a teeming reservoir of microbial 
contamination, the most difficult to neutralize, and an especially apt vehicle 
for infectious organisms. In view of these difficulties, and insofar as manned 
spaceflight is predicated on the return of the crew , a sound basis of scientific 
knowledge from instrumented experiments is a sine qua non for the planning 
of such missions. 

Timely effort now to devise and build instrumented experiments is essential 
to I paee with the technical rapacities of spare vehicles. 

Concluding remarks ami acknowledgment 

Many of the ideas presented in this statement are not new. In the scientific 
literature, they have been treated only occasionally, for example in a 
remarkable article by J. 15. S. Haldane (lt)at). They arc also anticipated in 
the classic works of science fiction, o.g., II. l«. Wells" “War of the Worlds", 
and by a tlond of derivative fantasies of less certain quality either as science 
or as fiction. This kind of attention has net necessarily helped the realistic 
cv alliat ion of the biological aspects of space travel w hieli may st ill be dismissed 
as over im aginative by some of our colleagues. However, exobiology is no 
more fantastic than is the realization of space travel itself and we have a 
grave responsibility to explore its implications for science and for human 
welfare with our best scientific insights and knowledge. 

The principles embodied in this paper rolled the judgment of one among 
Be v era I of the scientific groups advisory to the Space Science Hoard of the 
I’.S. National Academy of Sciences. However, they do not necessarily 
represent any ollicial policy or the committed views of each consultant. 
The continued interest and advice of M < ’ • i » . • . U. Davies, N. Horow itz, 
S K. lairi.i, A. (I. .Matr, P. Mazi i. A. Nov iek, U Sagrii, (J. Stent, II. C. Urey, 
C H. van Niel, and 11 Weav er, among many others, have been indispensable. 
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Space Sciences Division 
Theoretical Division 
Vanguahd Division 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
BtLTSVILLE SPACE CENTER 
4555 Overlook Avenue, S.W. 

Washington 25, D. C. 

January 23, 19&0 


TrLTfNOni: JOmnjor 2-MIO 
TWXiVTAIM 

Reply to: . *> 

Theoretical RLvision 
B7.I9 Colesville Road 
Silver Spring, Md. 


Prof. Joshua Lederberg 
Department of Genetics 
Stanford University 
Talo Alto, California 

Rear Joshua: 

I tun not sure who has the "ball as the result 
of our conversation in Nice, hut if I am the one, 
then I should like to say that I would strongly 
support a proposal from you for the support of 
developmental work on planetary biology experiments, 
ulong the lines of your letter of December o.J and 
our subsequent conversation. The proposal should 
include a general description, of your objectives 
and the motivation for the proposed research and 
instrumentation development, and. whatever specific 
lilies of attack which 3-011 may have in mind at this 
early stage. X would suggest that the communication 
he addressed to Homer Newell, with a copy to rue. 


With best wishes. 


Since rely. 

Pm 


Robert Jastrow 
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Or. Hcm»ir Newell* . 

Deputy Director -.for -Spaca^Scloncaa .* . 

National Aeronautics and Space Administration 
Washington 2JJ** 0.0.'“* 


Prof. I. Leceraeq; 
Departn'.ent c! Geneli» 
School of Msditiifi 
Stanford Univarsity x 
paJa AlUV'Caiifcfflit ; 


;<'.February 2 r 15^0 


\ 
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.-.l 
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Dear Dr* ’Newell:- 

• . .. t: ' ... , . ... 

In previous conversation and correspondence with Dr. 5 Jastrow and 
others of yo or colleagues, the urgency of getting under way with a prac- 
tical program In planetary biology has becoae quite evident. ^.The problems., 
of Instruoentatlcn- and Interpretation are stv grave that we are much further 
behind In bjolcgyithan the physical sciences were before the inception of 
o rocket ; much loss a planetary, program, - Hy-coileaguasandi. spent ouch 
Af 1559 In delineating the problem, and 1959 In. fixing on actual objsctlves 
and general approaches. Ue should not waste any more time than we must In 
designing, building and testing experimental davlces... Dr. Jastrow and others 
have suggested that we should new aubmlt actual proposals to alijt financial 
support for this work. 

One of our serious problems Is to obtain a realistic estimate of 
costs: this Is almost a research project in itseef, sinco one of; our major 
aims is to define the kind of instrumentation that will be needed to detoct 
planetary microorganisms. We also have to guess at our access to scsne quite 
expensive items, for casual lisa, on a courtesy basis, 'and which Items wa 
will have to have close at hand in the laboratory. ‘ For our formal proposal, 
t hope to be able to furnish 0 more explicit accounting, ' However, f v»uld ; •' 
not wish to accept responsibility in this area for a program -larger’ than 
about 25-55.CCO dollars and propose to request such on amount for fiscal year 
I56I. Based, on the findings, we may make during this initial grant, v/a will 
maka such further submissions as may then appear necessary for a successful 
conclusion of the project. This letter Is cn informal tender; J will be happy 
to have your suggestions and consents, and to discuss any embigui tl as, as the 
basis for submitting a formal application through university channels. 


The main objectives of cxobiological research ore outlined in the 
attached paper; the enclosure also refers to the particular experiment of 0 
planetary microscope for the detection of extra-terrestrial microorganisms. 




Wo do not propose to build such a device for spaceflight. The work In 
development and adaptation to do this should bo done in close col laboration 
with ar» agency of the NASA such as tbs Jet Propulsion Laboratory. We do pro- 
pose to acquire sufficient experience with a prototype vid icon-microscope system 
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that iw can wrlto precise specifications for a davlca that can answer our 
c;;porlmental questions. Necessarily, such specifications must rot bo too 
demanding In power or cannon I cat Ions requirements, or In the weight and com- 
plexity of the operations. Us propose, therefore, to set up a laboratory 
system that can simulate the quality of linages we might hope to receive from . . 
o planetary transmission, and then to test this system on samples of terrestrial 
soil and dust, in addition, we will have to consider auxiliary devices to: 

1. tJUK collect and transport samples to the microscope 

2. concentrate microorganisms from sparsely populated soils 
•3. culture microorganisms on segments of treated tapes 

4. process the microorganisms In 'developing tanks' containing specific..' 

enzymes, stains and other reagents for chemical identification 

5. autofocus the microscope (presumably cn monitor segments of the tape) 

6. control tape transport and activate trabsmlsslon when certain likely 

signals (a.g. a f luorasoent-stalned object) are In view 


l 


Barring a crash progrrm, the development end testing of such devices 
should toko two to throe years. Cna yaar's v/ork should enable us grasp the 
problem to the point where we knew more definitely what we need, and can con- 
sider subcontracting seme of tho morn obvious elements that have to bo perfected. 
For this reason, v.o are now contemplating a one year grant. 


To enable us to make on Initial start without doloy, have recaived a 

grant of ?10,GC0 from the Rockefeller Foundation for calendar y oar 1 £<j0. 


A tentative budget !s attached. 


/ • 

Yours cordially, j 

/j ,'! . . .« ^ >■ 


? 


/■' Joshua Lcderberg 
Professor and 

Executive, Department of 
Genetics 


CC: Dr. 


Jastrow, !-!A 5A 
Dean Alway, Stoibrd Hedlcal School 


< ^ I n INAL PAGE is 

0,1 POOR QUALITY 






Tentative Dudgnt: Proposal to !!ASA 


Frcn: Lcland Stanford. Jr., University, Stanford, California 

(Department of Genetics, Medical Centar, Palo Alto, California) 

CYTOCHEHICAL STUDIES Or PtANETMY « I CTvOCnCAM ) S*‘4S 

Principal Investigator: Joshua Ledorberg, Ph.D., £>cucuttva, Department 

of Genetics 

For period July 1, lj?60 t» June JO, l£6l 

Professional and technical salaries (& CAS I $ 12, XO 
(axel, principal Investigator) rot'nt) 

Equipment, purchase or construction 15.CC0 

• » 

Supplies, expendable (laboratory, also 3»X0 

Including office end raforcnco) 

Cors.iunl cations, secretarial end publication costs 1,520 

Travel, for consultation on equipment ond 1,200 

program planning 

Subtotal, .btd direct costs 32,700 

Indirect costs, at 25,4 of direct cpsts ^«173 

(or Other i» as negotiated) ^0,875 
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NATIONAL. AERONAUTICS AND SPACE ADMINISTRATION 
1520 H STREET NORTHWEST 
Washington 25, D.C. 

10 February i960 

Tdimxb EXto/nv* V32*o 
TWX; WA*3» 

ih wky *irrm to» 


Dr. Joshua Lederberg 
Professor and Executive, 

Department of Genetics 

Stanford University Medical Center 

Palo Alto, California 

Dear Dr. lederberg: 

It ’./as indeed a pleasure to receive your Jotter of 
2 February with an inforr/il exploratory proposal to begin 
vork on defining the kind of instrumentation that vill 
be needed to detect planetary microorganisms. I an wholly 
in agreement that ve should not waste any more time in 
getting under way in preparing n planetary biology program. 

I am sending your letter to appropriate offices here 
at the NASA headquarters. Ve shall be in touch with you 
again in the naEir future. 


Sincerely yours, 



Deputy Director 
Space flight Programs 




*** 
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NATIONAL 
AERONAUTICS 
AND SPACE 
A D MINI STR ATIO N 


IN RSAL.Y RC.Ft'1* TO 


NASA HEADQUARTERS 
1920 H STREET NORTHWEST 
WASHINGTON 25. D. C. 
Tiumm. CXacunv* 3-32*0 TWX : WA 73* 


March 11, i 960 


Dr. Joshua Lederberg 
Professor of Genetics 
Stanford University Medical Center 
Palo Alto, California 

Dear Dr. Lederberg: 

Your grant application titled "Cytoehemical Study 
of Extraterrestrial Organlons,” dated February 2 , i960, 
has been favorably considered and awaits administrative 
approval. Some negotiations between the NASA procure- 
ment and the Stanford University business offices are 
also necessary. It is anticipated that these steps will 
be carried on without further action on your part end 
that formal approval will be forthcoming. 


Sincerely yours, 



Clark T. Riadt, M. D. 
Director 

Office of Life Sciences 
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P . arch 30 , 1 SCO 


Motional Aarcnautics and ■ 

Spjca Adoinist ration 
1520 H Street Northwest *, 

’./.i shins ton 25, D. C. 

. ti* .*-/*“• • | 

Attn: Mr. VI 1 1 i%n WI1 iner, Procurement Officer 

Gentlemen: 

* * • 

. Enclosed herewith a buJget for our proposed research on « . 
"Cytcchanical Studies of Planetary Ml croorganlsms." With the 
nccanpanying endorso-nt this constitutes 3 fornxl proposal 
frem Stanford University. Thu scope of tho intended work Is as 
outlined in my letter of February 2, lyCO addressed to Or. I’.cxr.er Newell. 

•' • The indirect costs hove been calculated ot 15^ of total direct 
costs. This figure now applies to the majority of federal research 
grants administered by Stanford University, e.g. fron *MH and NSF. 

While we expect this percentage to be advanced to o higher and more 
realistic vaIu* of 20^4 or 2554, we do not v/lsh to delay the initiation 
of this grant by negotiation for a higher figure than ycu would 
customer! Jy offer at the present time.. # 

'/ 

Ve assume that ?n the absence of notice to the contrary, the 
grant will be administered in .accord with grants from NSF and NIH, 
including such questions as the reterticn cf title by Stanford 
Uni versi ty- to purchased equipment/ and the investigator's 
prerogative of rearranging the allocation of budget Items in 
cc-orJsrco with th«> changing needs of the research program. 

However, expenditures for travel ’.fill not be Increased over 
the budget without consultation with ycu. Picase notify us 
of any specific limitations ycur agency cay place on the 
disposition of funds under your ro search grant. 

You will rote that the starting date for thu grant now reads 
April 1, 1 r s*J. This is nalnly to allow for cha plac-m^nt of orders 
cn which lcng delays for dell vary arc. new quoted; ccn*. quant ly, yeur 
early approval tom j\s :o.ni tments against tha grant ivould fca 
appreciated. 

Yours sincerely. 
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do shun Lederberg 
Professor and Executive 


BUDGET: PROPOSAL TO NASA FOR RESEARCH SRAWT ON 

cytcchejiical studies of planetary microorganisms 

From: Lolaml Stanford, Jr., University, Stanford, California 

(Departoent of Genetics, Medical Center, Palo Alto, California) 

% 

Principal Investigator: Joshua Lederberg, Ph. D., Executive, 

Departoent of Genetics 

For period April 1, i 960 to March 51, I 56 I 
Professional 3r*o technical salaries* (including 0AS1 


and rati resent) 212.CCO 

Equipment, purchase or construction I5,CCO 

Supplies, expendable (laboratory, also 

Including offica and reference) ?,00C 

Ccmmyn i cat i cos , secretarial and publication costs J , 5-00 

Travel, for ccnsultaticn on equipment and program 

planning 1 ,2CO 


Subtotal end direct costs 52,700 

Indirect costs, at 15? of direct costs 

; 7.605 


^Exclusive of principal investigator 


'•* ! p<m L ^ A0B a 


Quality 
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STATUS OF EXOBIOLOGY PROGRAM 


Some elements of the strategy of exobiological investigation have been 
discussed in previous reports (cf. Westex material as summarized by Space Science 
Board; Lederberg, J., i960 "Exobiology - Experimental Approaches to Life Beyond 
the Earth," Science 132 : 393-4CO, August 12). Tne first investigations of a 
new planetary habitat should certainly include a general survey. at various magni- 
fications .for visual evidence of life; until the. resul ts of these are in, it is hard 
to judge what further steps should be taken in investigating the biology of possible 
larger organisms. Needless to say,’ if the first look does give evidence of Intelligent 
culture or of larger organisms, considerable effort would be devoted to characterizing!* 
these in later experiments. Meanwhile, a great deal can be planned for and done in y 
microbiological investigation- starting frCm first principles. -..'There are many reasons 
to justify a strong emphasis on microbiology in planetary investigations just as t 
there are for laboratory studies here. These include:- ' 

1) The greater likelihood of a successful result . In some habitats only 
micro-organismS might be present; on the other hand, it is difficult to conceive 
of a hnbi iratf which contained larger forms but did not contain micro-organisms. 

2) Ubiqui cv . Even on a richly populated planet like ours, micro-organisms 
can be found in almost any srral l sample of the atmosphere, the surface dust, or 
bodies of water. This is much less true of larger organisms. 

3) Metabolic diversity . Micro-organisms should afford a wider variety of 

metabolic capabilities from which might draw inferences about the comparative 
biochemistry of the planet.' -.. - ‘ ■** 

4) Ease of hand] ing . With any luck at all, at. least some species of 
micro-organisms would be very much easier to cultivate and to contain for detailed 
experimental investigation. 

5) Importance for terrestrial ecology . Both small and large organisms of 
external origin constitute potential .hazarr' if inadvertently brought to the earth; 
one might anticipate much greater difficulties in removing micro-organisms and in 
controlling them if they should escape. Therefore, we should obtain as much 
information os, possible about them in their natural habitat before programming 
experimencs that involve the actual return of planetary- sampl es to the earth. 

' *. How then might we proceda to investigate the distribution of micro-organisms? 

We should be prepared to meet the expectations that: 

• 1 ‘ 

.1) A scarcity oF moisture may result in a very sparse level of life. 

2) The nutrition and biochemistry of the planetary organisms may differ 
quite markedly from terrestrial ones. 

' • • V/e must, therefore, stress the most efficient methods of detecting micro- 
organisms and also those methods which do not require a too specific identification 
of earthly biochemical components. However, it is impossible to do a general 
experiment in the abstract; and concrete experiments necessarily involve 
seme measured compromises on these principles. Further considerations in experi- 
mental design are the necessary limitations on the size of the pay load, the 


s 
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necessity for its automatic functioning, and the narrowness of the effective communi- 
cation channel for returning the data to the earth. We should also keep in mind 
that apart from the existence of life on another planet, we are most deeply interested 
in a comparative study of its basic biochemical systems, and in particular, whether 
other types of compounds can take the place of nucleic acids and proteins of 
terrestrial organisms. 

Proposed methods for exobiological study involve a combination of techniques 
and a systematic presentation is likely to be rather artificial. The following 
approaches may be kept in mind. 

1) Chemical composition and metabolic effect of the micro-organisms. This 
approach should be assiduously studied; the chief discouragement is the possible 
scarcity of material to analyze. However, in combination with, for example, con- 
trolled cultivation of the organisms, this approach will probably give us the most 
detailed information on the intrinsic biochemistry of the exo-organisms. Studies 
will be made to determine whether such characteristic substrates as ATP (adenosine- 
triphosphate) are sufficiently rapidly metabolized by small numbers of organisms to 
warrant further developments along this line. 

2) Cultivation of the organisms on prepared media. This is the habitual 
technique of the microbiologist and wili doubtless have very high priority when 

we can make firmer decisions on exo-microbial nutrition. Where water is a limiting 
factor in a planetary biology, this may prove to be the most important nutrient. 

If the communication channel is so narrow that only a few bits are available, an 
efficient black box design, incorporating a test of microbial growth, and giving 
a simple yes/no answer might be desired. However, in view of our uncertainties as 
to the optimal nutrients, it would be wise to test a variety of alternative media. 

Such a system might be miniaturized by culturing the organisms on moistened spots 
on a moving tape rather than in bulk culture. The likelihood that the communication 
channel, though still restricted, might be more ample suggests a more detailed 
study of the samples. The two most promising procedures appear to be microscopy 
and spectrophotometry, or seme combination of the two. 

3) Direct optical examination of the organisms (microscopy and spectro- 
photometry). These methods involve the measurement of light intensity as a function 
of position (i.e., the image of a particle) or of the spectral wave length (i.e., 
its absorption spectrum). If the technical problems can be surmounted, the combina- 
tion of form and spectral data would give a most powerful method of biological 
analysis. 

a) Type of microscope. Most living cells, including bacteria, are 
essentially transparent to the customarily visible wave lengths and must be processed 
in particular ways in order to achieve useful contrast. The traditional way of 
doing this in the laboratory is by staining, a procedure which can be used for a 
considerable degree of chemical specification, but which adds to the mechanical 
complications. Two principal possibilities are left for the observation of 
unstained objects: microscopy in the ultra-violet at 26C0-2800 % and phase 

contrast microscopy. The advantage of ultra-violet microscopy would be the 
relative chemical selectivity at different wave lengths, for example, the very 
high absorption by nucleic acids at around 2600 A. However, to take full advantage 
of this selectivity, additional information on the absorption at one cr more other 
Wove lengths would be desirable. Likewise, with phase contrast microscopy, the 
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greatest Information would be obtained from a system which also discriminated 
between particles which were opaque vs. transparent in ordinary transmission micro- 
scopy. Therefore, the efficient use of ei tlier U V or phase contrast microscopy 
suggests the development of some method of color discrimination. This does not . 
necessitate the transmission of full color data, but rather the interposition of a 
"filter logic" to pass only those signals that fulfill stated criteria (i.e., 
transparent in visible and opaque In UV or phase contrast). Such finesse should 
be more appropriate for electronic than photographic recording of the signals, and 
our preliminary efforts have been directed to evaluating a UV microscope-vidicon 
chain. Recent work on image-intensifying UV camera tubes (The YJest inghouse 
Ebicon being constructed for the orbital UV telescope) may be extremely useful; 
other arguments favor the adoption of flying-spot technique into the spectrophoto- 
metric-microscope system. 

b) Preliminary data reduction in si fu . The limited communication 
channel suggests the most strenuous efforts to eliminate irrelevancy and unwanted 
redundancy from the transmissions. These arise from at least two sources within 
the object being looked at: 

1) A probable lbundance of biologically uninteresting material, 

f'.paci 1 1 1 y mineral particles, among which it ray be difficult to discriminate 
cells and 

2) High point-to-point correlations in the object being looked 

ut - for example, under phase contrast, bacteria often resemble homogeneous elipsoids. 

The waste resulting from the second factor might be minimized by differential 
and edge-contrast discrimination techniques; ^he discrimination of color, and 
perhaps also of foim, might be used to monitor a decision as to which elements 
were worth transmitting. (Heedless to s«..y, at lejst a few unfiltered pictures 
would be desirable also.) l/aste from the first source could be minimized by 
methods for the concentration of living material and the rejection of other 
extraneous particles. The cul ti vat ion of the organisms, if this succeeds, would 
be an admirable way to do this. However, in the expectation of possible 
failure, thought should be given to other methods for the separation of cells 
from various kinds of debris. 

The problems of data reduction summarized here have seme analogy to the 
problems involved in the effective use of satellite reconnaissance (Samos) 

(cf., Katz's review in Astronaut ics . July, l£50 . ). 

h) Collection of samples. So far the least attention has been given this 
problem, perhaps in the ant i cip.it ion of productive developments in other fields. 

For example, the auger and corcr that have hern proposed for the lunar round-trip 
should be quite applicable to the present purposes except tii.it the specimens 
would be processed within the payload rather than being returned. In addition, 
the choice of procedures for collection would depend on the types of examination 
that were adopted. At the present time, three alternatives are evident, 
a) The collection of atmospheric dust for direct microscopic examination on 
adhesive tapes - the flypaper proposal, b) The collection and conccntrnt ion of 
larger amounts of atmospheric dust by impaction or filtration - methods now in 
standard use in aerial microbiology, c) The soil sampler. 
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The first method might be applicable for direct inspection and also culti- 
vation on the tapes themselves. However, if the payload weight permits, it would 
be safer to collect a larger sample and enrich it by the flotation of cells in 
a dense medium as described further. 

5) Present judgments. At t^e present time, I would suggest a program 
with the following objectives, a) The collection of from 10-100 grams of dust 
or soil, b) The fractionat ion of the sample by flotation and c) direct 
examination of the organic fraction by I) phase contrast/transmission dual 
microscopy and 2) microspectrophotometry between 2400 and 8000 ft, either on 
single particles or on cleared samples of the organic fraction, c) Data 
reduction and programming to transmit only the more likely observations. Part 
of the sample should also be cultivated on a nutrient tape and then also 
examined in like fashion. 

It will be difficult to make more refined choices and decisions until the 
hardware has been designed and constructed to the point where it can be tried 
out extensively on a larger variety of terrestrial samples. One of our necessary 
and most important functions long before space flight will be the calibration of 
these procedures and the search for the kinds of artifacts that must be avoided. 

6) Further refinements and later experiments. With appropriate support 
and cooperation of industrial organizat ions a workable system incorporating 
some or all of the above elements should be ready in ample time for Saturn 
flights to Mars circa 1965* If time still permits, additional refinements con 
be added for the first missions and must be planned for succeeding ones. These 
might include a) More complete cytochemicel tests of observed particles, in 
particular for DNA and for proteins. It should be possible to adjoin these 
tests to the microscopic observation, b) Command vs. automatic control of the 
instrumentation to allow for unexpected developments at the target, c) Larger 
scale enrichments for Martian organisms. These might depend on good guesses 

or acquired information on the chemistry of the Martian surface and on the 
physiology of the Martian organisms, and could then expand this knowledge. 
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Report to the Motional Aeronautics and Space Administration 
"Cytochemical Studies of Planetary Microorganisms - Explorations in Exobiology" 

NsG 81-60 

April 1, IScO - March 3' » 19°1 


Department of Genetics 
School of Medicine 
Stanford University 
Polo Alto, California 


This report covers operations on a preliminary grant. This has since 
been renewed and extended (MsG Si-60 (Slj) to reed from April I, 19^1 - March 31, 
19S’4. 


Joshua Lederberg 
Principal Investigator 
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The first year's operations were devoted primarily to: 

I. defining the experimental role that a laboratory at Stanford might play 
In exobiological work 

II. assembling basic instrumentation 

III. enlisting and training personnel 

I. On the basis of this study, we believe that we can assist the JPL and 

other agents of NASA in validating experiments In exobiology, and are 
continuing to do so. (2) The main lines of work in progress include - 
see the numbered exhibits for details. 

(a) The design and construction of a fast scanning microspectrophoto- 
meter. A digitized camera control for variable rate and raster pattern 
has been designed as a necessary element for adapting the U-V vidicon as a 
sensor for spectrometry. It is now under construction. 

(b) Spectral analysis of microorganisms and other soil particles. 

This has been started, pending the completion of (a), with improvised, slew 
designs and with the cooperation of Professor Caspersson in Stockholm. They 
have so far verified that various microorganisms have characteristic absorp- 
tion maxima in the region of 2 cO- 28 o mp, a property so far not shared by 
other soil particles. However, rare earth samples which might be expected 
to be the likeliest source of spectral mimics have not yet been studied. 

(c) Sensitive enzyme tests for use in the multivator ( 2 ). The assay 
of phosphatase by the release of (colored) nitrophenol from nitrophenyl 
phosphate has been used as a point of departure. 

Extensive trials on soils have shown the feasibility of detecting 
activities from soil samples of about 10 mg in one hour. This is at least 
ten times too insensitive for feasible application in the multivator. 

However, comparable fluorescence assays should be several orders of magnitude 
more sensitive, and await the synthesis of some new substrates, as has 
been arranged for. This is part of the multivator project in cooperation 
with JPL. 

(d) Concentration of microbes in dense solutions for microscopy. (U) 
This has been incorporated into an "KFP" from JPL for further industrial 
design study on a detection system. 
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1 1 . Equipment 

V/e have been assembling and modifying the necessary equipment for spectral . 
and fluorescence measurements. At present we have the basic tools (light 
sources, conochroiaatcr* . recording spectrophotometer, closed circuit TV 
chain, oscilloscopes, amplifiers and other electronic gear), while the more 
refined instruments are being designed and built. 

111. Personnel 

E— » "■ 1 

The research team is crucial to the long range success of chis venture, 
and it has taken a long time to find the appropriate talent, as we have had 
to build a new gFoup of rather nonconvent ional makeup. Y/ith Dr. Levinthal 
and Mr. Horn we now have an excellent nucleus. The scientific staff now 
Includes: 

Professor Joshua Lederbsrg , Principal Investigator 

* 

Dr. Elliott C. Levinthal , Research Physicist, Technical Manager 
* 

Mr. Harrison Horn , Electrical Engineer 

Miss Haruko Nagaishi (B.A.) and Mr. Elliot Packer (B.A.), Microbiologists. 
Another experienced engineer, Mr. L. Lee Hundley is joining us this summer. 

V/e are looking for an experienced microbiologist - biochemist as a research 
associate (Ph.D.) level to round out the group. 

(* see curriculum vitae (1)). 


This is offered as an interim report, as the laboratory is just gaining 
momentum, and important factual contributions will await the assembly of 
instruments now in the design - early construction state. Some experimental 
results are summarized in the attached exhibits: 

1 . Curriculum Vitae 

2. Explorations in Exobiology, Cytochccnical Studies of Planetary Microorganisms 
A program of research at Stanford University. 

3. Mui t ivator . Proposal for Mariner B Experiment - Capsule 

h. Cytochemical Studies of Planetary Microorganisms - Explorations in 

Exobiology. A research proposal to the National Aeronautics and Space 
Administration. 
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PROGRESS REPORT OM WORK AT STAMFORD ON EXOBIOLOGY 


This will be rather brief although wo have had notification of support from 
NASA since about mid-May. Procurement has been slow and components have only 
recently been assembled so that we can begin to check out a system of UV Vidicon 
microscopy. The new Zeiss achromatic UV objectives have just recently arrived 
and these appear to be far superior to the previously available mirror objectives 
and catadioptric lenses that were previously available, l/e have assembled a 
system for microscopy at 2537 ft using a low pressure mercury source, interference 
and chemical absorption filters (neither of them very satisfactory), the Zeiss 
objectives, and a television chain Incorporating a UV-sensitive Vidicon tube 
(two samples of the RCA Vidicon and one from EMI in England). The latter seems 
to give a superior picture with better resolution, short lag and, probably, 
higher sensitivity. 'However, both tubes, although designated as UV-sensitive, are 
rather disappointing in their performance at <30C0 ft and probably have not been 

^designed primarily for such an application. They would be relatively satisfactory 
if we could operate at considerably higher intensities of monochromatic UV illum- 
ination but this is difficult to obtain in any event and should probably be 
avoided because of its potential damage to viability and to organic materials. Tn e 
present microscopic arrangement is, however, already quite satisfactory for photo- 
graphic recording. The answer to our present problems might lie a) in improvement 
of the light source and filters, or perhaps better the incorporation of a simple 
monochromator and b) the use of the much more sensitive image- intens i fying UV 
tube, the Ebicon. In any case, this development should be just the first step of 

a system in which inages con be compared as between the ultra-violet and the 
visible. (The flying-spot microscope design is capable of much higher intrinsic 
sensitivity than the Vidicon image tube, since a photomultiplier can be used as 
the detector; however, the Ebicon may give a comparable result.) 

As an alternative to the use of ultra-violet for the visualization of trans- 
parent objects, the r.cw technically much simpler phase contrast optics might be 
employed. Again these wou Id be especially advantageous if a simultaneous 
recording could be made of the form of a particle in phase contrast and its 
transparency by transmission optics. This might be converted into color rather 
readily by the use of narrow pass filter elements in place of opaque diaphragms 
in the phase optics (“color phase contrast"). 

• * , * * **s • , , ■ 

» Much more Information can then be obtained from UV optical methods by 
obtaining an absorption spectrum , particularly in the range between 2400 and 
5000 ft. This UV information would be parallel to the image formation, and both 
sets of data might be collected with the same optical system, the scan alternating 
between wave length and position of the beam. 

As far as ! can determine, UV spectra of individual bacteria obtained in 
such a fashion have not be published, but this partly reflects the limitations 
of the microscope optics available until new. The Zeiss achromatic objectives 
were designed for just such analytical purposes at the instance of Caspersson in 
Stockholm. He believes that it would be technically feasible to obtain such 
spectra, and has agreed to run some representative cultures on his own instrument 
during the next few months. Serious problems, c. g. correction of scattering 
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losses, and especially the installation of satisfactory light sources must be 
dealt with, but this approach is potentially the post powerful that could be 
devised for the analysis of micro-organisms by remote technique. If the technical 
development is successful, particles could be scanned for their spectra, and 
this information then used to monitor the transmission of selected images which 
consume more communication time. 

Some of the most encouraging results obtained so far have been In the 
fractionation of organic material from soils. After a considerable search for 
suitable solutions of adequate density, most of which were for one reason or 
another rather unsatisfactory, we tested "Ludox" at the suggestion of Kopac from 
NYU. Ludox is a colloidal suspension of silica in water and can be made to a 
density as high as 1.20, which is more than adequate for the flotation of living 
cells, while almost all minerals still sediment in it. The silica being chemically 
almost inert and having no appreciable osmotic effect is relatively harmless to 
the cells and leaves them quite viable. A number of types of soil sample have 
been fractionated by flotation in Ludox and the method has proven to be startingly 
efficient in the detection of micro-organisms even from rather unpromising 
sources, for example, volcanic sand collected at Ik, 000 feet from Mt. Popocatepetl ; 
old dried mud from a core dredged from the Mariana Trench, and dust that had 
settled on the roof of a car and exposed for appreciable time to California sun- 
shine. • In each case, the supernatant fraction was highly enriched for bacteria 
and these could readily be seen at the very first glance through the microscope. 

The same samples had only a marginally detectable microbial population when 
examined directly. Samples from richer soils also displayed an abundance of 
other kinds of organisms, with relatively little interference from residual 
adherent soil particles. We ore new seeking even more marginal Samples to see 
whether there is any likely sample from the earth's surface in which we would 
not readily detect microbial life by this method. The flotation-separation is 
facilitated by spinning the samples in a centrifuge and larger samples could be 
efficiently processed by a continuous flow sedimentation. However, smoller 
samples will sediment if merely allowed to stand several hours. We are now 
designing a cell which will allow for microscopic observation with no handling 
after the sample is introduced into the cell. The relatively low density of living 
particles, having an aqueous base, should be a fairly general principle for the 
preliminary separation of them from mineral fragments. More refined criteria are 
of course needed for a final conclusion. 

(This method of separation promises to have great value as a general 
laboratory procedure and may have practical applications in other areas of 
med i cine. ) 

The basic feasibility of the proposal to grow bacteria on permeable tapes 
has been verified; flattened tubes of cellophane dialysis tubing were impregnated 
with nutrient broth and would then very Satisfactorily support the growth of 
various bacteria and fungi. These wore then very informative when examined under 
the microscope. The chief problem appears to be the loss of moisture by evaporation 
so that the tapes will have to be maintained in a closed humidified chamber. In 
view of the long transit time of the space craft, the tapes may have to be flown 
dry and Filled with water only at the time of the experiment; alternatively 
nutrients may be prevented from diffusing from one site to another by mounting the 
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culture spots as blisters on on impermeable, c.g. quartz, ribbon. We have not 
succeeded in obtaining quartz ribbons as might be extremely useful as tapes for 
the indicated purpose but they should not be too difficult to fabricate. More 
mechanical skill and ingenuity than we can read! ly muster should be centered on 
the production of prototype hardware along these lines for testing and improvement. 

Recommendations . 

Our experience to date suggests that the basic strategic principles that had 
been formerly enunciated are sound and should be exploited further as the basis of 
cxobiologlcal detection. However, as we have now reached the stage where con- 
siderable new hardware, both electronic and mechanical, must be designed and 
built, it is essential that we have the cooperation of an engineering facility. 
Needless to say, wa would be very happy to maintain a close continuing contact 
with such a facility and in particular to assess the results for their biological 
usefulness. 

In view of the pressure of vehicle schedules, it would be foolhardy to 
delay the development of prototype hardware for the exploration of every worthwhile 
accessory. Mew technical advances and new insights into scientific goals would 
lead to indefinite postponement of any actual experiment. 

Enough information Is now at hand to justify the construction of the basic 
mechanism of on automatic microscope. This should have provision for the trans- 
port of specimens, focus, photoelectric conversion, color discrimination, signal 
reduction and telemetry. The first version might be designed to use color phase 
contrast, which is technically simpler than UV microscopy. This basic instrument 
would be a valuable tool even if time did not permit the addition of the accessories 
to improve its sensitivity and precision. Concurrently, design work should 
proceed on the technique of collection of samples, und on their centrifugal 
fractionat Jon, to furnish thc:input to the detector system: • This much of the sys .1 
should lie within the reach of present art. Study work and preliminary trial are 
also required for the mlcrospectrophotcmetcr accessory to the microscope, which 
docs pose serious technical problems, especially the provision of a suitable 
light source. A bench model should be constructed for tests on terrestrial 
samples as a preliminary to its adaptation to the system for spaceflight. By 
concurrent work on the particularized problems thus Indicated, we can be sure of 
having the best Instrument that we had the means to develop in time for schedules 
of planetary flight. There arc cogent reasons besides the relative scientific 
impatience of biologists why such instrumentation should accompany the earliest 
planetary explorations. Laboratory work in biology docs not now hove the benefit 
of a well-established tradition of development of instrumentation. Much more than 
in the physical sciences, spaceflight research in biology will hove to develop new 
instruments for which only the principles, «nd not their technical realization, 
arc already current in laboratory practice. 
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DETECTION SYSTEH FOR EXOBIOLOGY 
Prototype for Martian soft landin' 

I. HARVESTER. To collect 100 grams of soil or dust, ("vacuum cleaner"; air 
imoacter; air f i I ter) 


2. WINNOWER (Centrifugal separator). To separate light and heavy fractions of 
the soil by sedimentation/flotation in dense liquid (e.g. Ludox d a 1.20). 
Heavy fraction is discarded (d > 1.2); light fraction is transported to 


3- SPECIMEN TAPE which carries specimens Into 

4a. MICROSCOPE, the input light beams of which are modulated for 

a. position coordinates, to give an image signal, at two wavelengths 
In color phase contrast 

b. wavelength, to :j<ve a spectrum signal, constituting a 


4b. MICROSPECTROPHOTOMETER. (Specs, range 2400 - 44CO 8; resolution 50 8; 
8 intensity levels) 


5* PHOTODETECTORS convert the optical to electrical signals which are the input to 

6. SIGNAL analysis system. (The aim of this system is to discriminate those 
particles which have some color in the ultraviolet, and void those particles 
which shew monotonous absorption or scattering.) 

a. Filter logic on 4a. signals, inverting the phase from opaque objects 
to delete their signals 

and test as alternative to a. 

b. Recognition of 1 interesting' spectra . for control of further 
processing 

c. Reduction of image information from 'interesting' particles for 
efficient telemetry of picture of individual particle and associated 
spectrum. 

7- TELEMETRY to EARTH 

8. RECEPTION of signals and RECONSTRUCTION of pictures of individual particles 
and associated spectra. 

THROUGHOUT THE DEVELOPMENT, THE SYSTEM MUST BE CALIBRATED AGAINST TERRESTRIAL SOILS 

IN ORDER TO VERIFY AND IMPROVE THE DESIGN AND TO ACCUMULATE EXPERIENCE FOR THE 

INTERPRETATION OF THE REDUCED DATA. 
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Other Planets 


TV Microscope May Discover 


If in the next few years man discovers 
evidence that there is life beyond the 
Earth, he may ova his hard-won knowledge to 
a planetary television station now being 
designed at Stanford Medical Center. 

The designer is Dr. Joshua Lederberg, ex- 
ecutive head of the Department of Genetics 
in the Medical School and a Nobel laureate. 

What does Dr. Lederberg hope his instru- 
ments will find on another planet? Not men 
or monsters of space fiction. Not monkeys 
or even fish in the sea. All these would 
be too hard to find — if they exist at all. 

Instead, he proposes to look for the sort 
of life that would be found "in any drop of 
water, pinch of soil or gust of wind" — mi- 
croscopic life of the sort he has studied 
in great detail for many years. 

"Given a limited sample for study, micro- 
biological analysis will certainly give the 
most reliable diagnosis for the presence of 
life anywhere on the planet," he says. "We 
cannot imagine another world lacking mi- 
crobes if it has any form of life at all." 

Accordingly, the Stanford geneticist has 
been at work for more than a year trying to 
plan the most suitable system for detecting 
and studying these tiny specks of life. 
Support for the research has come from the 
Rockefeller Foundation and the National 
Aeronautics and Space Administration. At 
the heart of his plan is a microscope, but 
not the Earth-bound kind. 

This microscope will utilize ultraviolet 
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DR. JOSHUA LEDERBERG . who is designing 
instruments to detect planetary life. 
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CAMERAS AND LIGHTS filled the lab when NASA made a 
movie for Congress about Dr. Lederberg* r. studies. 
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• EXPLORATIONS IN EXOBIOLOGY 


• CYTOCHHMICAL STUDIES OF PLANETARY MICROORGANISMS 
A Program of Resaarch at Stanford University 


Joshua Lederberg 
. Professor of Genetics 
Stanford University Medical School 
Palo Alto, California 


ATTACHMENT 15 


Since December 1959 with tho help of preliminary support from the 
Rockefeller Foundation, and sinco April I, l$6o, with the oxtonaivA support 
of tho U. S. National Aeronautics and Space Administration (NASA), a 
laboratory has been established in the Department of Genetics at Stanford 
University in the new field of exobiology. Its aim is to lay the ground- 
work for the experimental study of the existence and characteristics of 
life that may have evolved on other planets of the solar system. 

The NASA's program for space science colls for the flight of probes 
to the vicinity of the nearby planets In the interval 1962-196 1 * and for the 
landing of experimental spacecraft on planetary surfaces within the sub- 
sequent few years. These spacecraft wilt have the capacity to carry and 
operate a variety of scientific Instruments whose Information can then be 
telemetered back to the earth. The actual retrieval of samples from planetary 
surfaces and their return to the earth for detailed analysis Is envisaged 
in the long-range program of space exploration. However, this cannot 
readily ba achieved with vehicles based on present methods of propulsion 
and will, therefore, probably not be accomplished before the next decade. 

The initial search for evidence of pianatary life, beyond the indirect 
evldenco from telescopic observation, therefore depends on Instruments 
that can function automatically and transmit data by radio from the target 
planet. 

The interest of this laboratory Is focussed on the detection of micro - 
orgoni sms . with special emphasis on the detection of nucleic acids and of 
proteins. Wo believe that the most Important aspect of the study of 
extraterrestrial life is tho possibility of learning In hew many different 
ways life can evolve. The nucleic acids er.d protoins arc tho essential 
common features of terrestrial life. Whether forms of life could exist 
based on other substances or related analogues of these substances. Is 
one of the most fundamental challenges to biological theory. 

The laboratory's mission includes both engineering and scientific 
objectives, though both are directed to the ultimate acquisition of 
fundamental data. The first is the development of advanced instrumentation, 
adaptable to spaceflight, capable of making the necessary determinations 
on samples oF a planetary surface. The second line of Investigation Is 
tho study of optical, electrical, and other physical and chemical pro- 
perties of microorganisms that might be relevant to the general definition 
of life and to characterizing such organisms In a planetary environment. 

The challenge of exobiology has required a rc-oricntat icn of our outlook 
on the means of recognizing and detecting life; this has uncovered a 
number of elementary but potentially quite important, problems both In 
the area of instrumentation and of the properties and functions of organisms. 

\lc ore obligated to moke o continuing, critical review of tho types 
of measurements that are best suited to the unique opportunities and con- 
straints of actual space research. This review, which is carried cut In 
conceit with a number of investigators at several universities reporting 
to the National Academy of Sciences and to the NASA, Is leading to a 
continual re-definition of the goals of space biology with higher and 
higher precl sion. ^ Meanwhile, In order to meet the timetable of vehicle 
development and flight, the best choices rust bo made for the development 
of proctlcol Instruments. 
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Several approaches are currently under study: 

(1) The concentration of living organisms from soil by flotation 
methods. Since organisms generally have a high content of water, their 
specific gravity Is rarely very different from 1.0. Most minerals, on 
the other hand, are considerably denser. Organisms can therefore be 
efficiently extracted from soils in which they represent but a small part 
by weight by the technique of flotation In a medium of intermediate 
specific gravity. In such a medium, the mineral components, In general, 
wD) be sedimented whereas the organisms will float to the top. 

(2) Microscopic examination of particles. Historically most of our 
perception of the widespread occurrence of microbial life on the earth 
has stemmed from the use of the microscope starting with Leeuwenhoek In 
]ojk. In many cases, microorganisms can be recognized by their character- 
istic form and organization. However, such observations would still give 
us only a limited certainty that we were dealing with a living particle 
and an equally limited knowledge of its chemical composition. 

(5) Spectral analysis. The Information on a particle under micro- 
scopic observation would be enhanced if It also Included the principal 
optical properties of the specimen. Such properties ore, for example, 
the absorption spectrum (in effect, the color) particularly in the ultra- 
violet range, refractive Index and polarization properties and related 
measurements. Several of these measurements can be made with equipment 
that is already in widespread use. For further development work, we ore 
laying special emphasis on the design and construction of a rapid scanning 
microspectrophotcmetcr. This device should have the capacity to delineate 
the absorption spectrum of a particle In the ultraviolet. If It can be 
constructed to operate with sufficient speed and precision, this 
instrument could be used for the rapid search of a large sample for those 
particles that have characteristic absorption spectra such as typify the 
organic constituents of terrestrial organisms. High precision micro- 
spectrophotometers have already been constructed In several laboratories, 
especially that of Professor T. Caspersson at the Karolinska Institute 
In Stockholm. As measurements made in these laboratories have shown, 
the most characteristic spectral feature of mi croorgani sms is a specific 
absorption in the ultraviolet at 2o0 nm ( 2,600 A) . This absorption 

is attributed to the presence of relatively large amounts of ribonucleic 
acid. Relatively little is known about the optical properties of other 
particles likely to be found In soils and a review of such material is an 
essential part of the program. It is visualized that the rapid scanning, 
scorch device would have the capacity to recognize spectra that have 
" interesting" features according to the criteria that con be preset for 
this. The Instrument should, then, have the capacity to select those * 

particles whose spectra indicate them to be of the greatest Interest 
for more detailed observation. In this way, it should be possible to 
minimize the amount of power required for the radio transmission of the 
indicative Information. 
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(4) Cytochcmlcal procedures. Still more precise characterization 

of the chemical composition of microscopic particles con be obtained by an 
extension of present methods used In cytoc.hemlcol research. For example, 
the recognition of ribonucleic acid can be made virtually certain by the 
action of the specific enzyme rlbonuclonso. This could be ascertained by 
the disappearance of the characteristic ultraviolet absorption of a particle 
In the presence of this enzyme or by tho application of other staining 
techniques that give differential colors observable In the visible wave- 
lengths. 

(5) Optical study of bulk samples. The application of these techniques 
on a microscopic basis requires a certain optimism f c r the development of 
Instruments that will have a sensitivity and precision adequate for the 
task. Such Instruments, even If successfully constructed, may also require 

a time for their development, and assignments of weight and power that 
cannot be matched for earlier spaceflight missions to the planets. To 
face this contingency, parallel techniques should be developed that can bo 
applied with somewhat less precision to larger samples of material examined 
In bulk. This approach will require substantial Improvement In the general 
technique of optical and spectral examination of Impure samples. 

(6) Enzyme analysis. Another lino of evidence for the existence of 
living organisms would rely upon the detection of various specific enzymes 
manifest In or extracted frem bulk samples of a soil. Ultra-sensitive 
techniques for enzyme detection have been developed (by Dr. Oorls Rotman, 
currently In this department) that have the capability under favorable 

cl rcumstanccs of detecting even single enzyme molecules. Such methods arc 
being surveyed for their eppllcnticn to the detection of enzymes such ns 
phosphatase, ATPaso, rlbonuclease end deoxyribonuclease, whose presence 
would bo an Important lead to the nature of tho living system. 

(7) Artificial cultivation. One of the most decisive approaches to 
the detection and characterization of extraterrestrial life would be Its 
artificial cultivation In the same sense that we readily cultivate micro- 
organisms In the test tuba In our laboratories here. One of the chief 
limitations to this approach Is our lack of detailed Information os to 
tho chemical composition of planetary surfaces - Information which Is 
vitally Important In designing the appropriate culture media on which such 
organisms would be expected to thrive. Nevertheless, considerable effort 
should be given to the design of suitable devices In which tho growch of 
Implanted microorganisms could be detected when reasonable choices for the 
appropriate culture medium arc possible. 

Three celestial bodies, the noon, the planet Venus and the planet 
Mars, aro within the range of the spacecraft of the present decade. The 
presence of life beyond the. earth anywhere In the solar system Is a problema- 
tical Issue and many a prio ri arguments con be raised that would discourage 
our efforts to search for such life. However, cur Information on the con- 
ditions on these bodies Is far from exact and It Is also difficult to be 
sure of the versatility that life may have evolved In meeting the problems 
of existence In other environments. In any case, the Importance of the 
discovery of other forms of life Is so greet as to obligate us to make 
the most strenuous efforts to ensure that no reasonable possibility has 
been overlooked. V/lthln these limitations, the following assessment of 
the celestial bodies can be made. 
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(A) The moon. Tho virtual absence of any atmosphere on the moon also 
precludes the presence of significant amounts of liquid water or other 
volatile materials on the lunar surface. We can therefore be reasonably 
sure that active life Is Impossible on the moon. However, the moon Is a 
repository of large numbers of meteor! tic particles that collide with 

Its surface, and It would be of the utmost Importance to learn whether 
such particles ever carry traces of organisms as might be transmitted from 
the earth or from elsewhere In the solar system or beyond. For this 
reason alone, once the basic physical and chemical properties of the 
moon's surface have been adequately Investigated, we may wish to consider 
the means and possibility of making a comprehensive search for such traces 
of life from elsewhere. In addition, It can be argued that while we can 
exclude any form of active life on the exposed surface of the moon, we 
know tco little of the subsurface strata to make any categorical state- 
ments as to the environment and what may have evolved there. Again, we 
are hardly in a position to assess this challenge, much less define the 
means of meeting It until we have secured much more analytical Information 
from chemical and physical studies. 

(B) Venus. The clouds that surround this planet have virtually 
prevented useful telescopic observation of the planetary surface. The 
first task of spacecraft exploration of Venus will then be to penetrate 
below the clouds. Several lines of evidence based on the measurement 
of the Intensity of radio frequency radiation frem the planet suggests 
that the surface may have a very high temperature, so high as to preclude 
the persistence of living forms. The verification of surface temperatures 
la therefore a prerequisite to further biological study of this planet. 

(C) Mars. Of the other bodies of the solar system. Mars presents 
the highest probability of sustaining forms of life comparable In any way 
to those we recognize on the earth. Even at that, this probability Is a 
highly uncertain one. Indirect measurements suggest that the temperature 
of Venus, while slightly cooler than that of the earth, would still be 
reasonably compatible with simple forms of life. However, the level of 
oxygen !n the Mars atmosphere Is so low that it has not yet been detected 
by telescopic means. Even more significant, while there Is sufficient 
moisture on Mars to result In the accumulation of polar caps of frost, 
present estimates would indicate that Mars os a whole. Is for more arid 
than the dryest parts of the earth's surface. If this Is generally true, 
the extensive development of Martian Ufa forms would necessitate some 
local "meteorological" exceptions to the general level of low humidity 
together with the evolution of special mechanisms for the accumulation of 
water within the supposed organisms. At the very least, the procedures 
for attempting to diagnose the presence of living particles on Mars must 
take account of these severe limitations. On the other hand, at least a 
hint of the presence of Martian life has been obtained through telescopic 
observations: the visible dark areas on the planetary surface underya 
striking seasonal changes*;’ Furthermore, they show optical absorption 
features. In infrared wavelengths, that are highly Indicative of the 
presence of appreciable amounts of carbon -containing compounds such as 
those from which life on the earth Is constructed. 
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For those reasons, tha exobiology program In this laboratory and 
elscwhero Is directed primarily to tha question of life on Mars, although 
the application of similar experimental techniques to other celestial 
bodies Is also In mind. In succeeding decodes, our space vehicles may 
be able to penetrate further - to the major planets, especially Jupiter, 
and these will represent special problems In the possibilities of biological 
investigation. The environmental conditions on these planets - the high 
concentration of hydrogen, carbon, nitrogen and oxygen on the one hand, 
and tho very low temperatures and high pressures on the other, suggest 
that the major planets wi 1 1 be of extraordinary Interest from the standpoint 
of primitive organic chemical mechanisms but that any forms of life that 
night have evolved there, would have to be substantially different from 
those that we would recognize hero. In any case, the approach to these 
planets from both a vehicular and instrumental standpoint poses Immense 
problems of so different a magnitude from those we face now, that they may 
well be deferred until we have a hotter appreciation of the properties of 
the nearer planets. 
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Department of Genetics • November 4, 1960 
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. LABORATORY 

Dr. Homer Newell 
Chairman, Planetary and 
Interplanetary Science Committee 
Headquarters, National Aeronautics and 
Space Administration 
1520 H Street Northwest 
Washington 25,. D. C. 

Dear Homer : 

The accompanying remarks have been contrived with the 
great help of a session of the Space Science Board Exobiology 
Committee on October 29th and I am submitting them now as 
partial response to your request for comment on the Short 
Range Program. It should be read as a postscript to the item 
marked 8-S which Dr. Young should be delivering to you. 

At the last session of the Committee, you stressed the 
importance of the lead times necessary to accomodate scienti- 
fic* experiments on the appropriate space craft and you par- 
ticularly indicated that these times would become longer the 
more capable and the more complex the vehicle. In these 
circumstances, it seems to me an urgent necessity to proceed 
as rapidly as possible with the development of the scientific 
hardware, and especially the simpler biological experiments 
that have not yet been checked out in space craft environments. 

At the present time, it may be possible to meet current schedules 
with carefully thought out and well tried designs but it is 
obvious that we have no comfortable leeway in time and the 
advantage we now have may be dissipated if we are not able to 
move promptly on the actual instrumentation. Please let me 
know the most effective channels to which these remarks, as 
coming from a University scientist outside the administration, 
may be directed. I need hardly point out thet the Space 
Science Board has repeatedly urged the same views. The two 
basic exobiology instruments that are ready for implementation 
at the present time are (1) a culture device (the "multivator" ) 
which is essentially a test tube rack in which various nutrient 
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media can be accomodated and changes noted. The same basic 
device would also be apropos for simple chemical reactions, 
and (2) a microscope which can be considered, as one of the 
lens options available to any photographic system. The basic 
ideas behind these instruments are extremely simple and one 
foresees little difficulty in their implementation. However, 
until they are constructed so as to suit space craft require- 
ments, we cannot be sure that considerable development work 
may be necessary to prepare any bugs that may develop. Mean- 
while, in laboratories like my own, further work can be done 
with an aim to improving the sophistication of these instru- 
ments and making them more incisive for specific experimental 
goals. For example, we hope to investigate the potential use 
of microscopic spectrophotometry for the characterization of 
individual particles. If these efforts show the feasibility 
of such an instrument, it can be built on to the basic micro- 
scope just described.. However, it would be rather risky to 
stake the early success of a program in exobiological explora^ 
tion on the outcome of these trials and the basic microscope 
alone can be expected to furnish a substantial yield of 
useful data. 

It should be obvious that in the course of time, our 
plans are bound to shift. Some programs will slip and the 
schedules have to be set back; on the other hand, we may 
suddenly observe unexpected oppov unities. Again, in order 
to cope with the eventualities in a reasonable and effective 
way, it is absolutely essential that we have ready a reper- 
toire of basic experimental devices for use in biological 
as well as in physical observation. . : 

Looking forward to seeing you at the meeting on 
November 15, 

r ’ * • 

Yours sincerely, . 


/s/ 

Joshua Lederberg 
Professor of Genetics 
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Interplanetary Subcommittee 

National Aeronautics and Space Administration Oct- 31, 1960 
Further Comments on Mars 1964 (Exobiology) 

1. Previous comments (8-8) on M-'rs 1964 were predicated on 
the tentative assumption that the capsule could maintain 
direct communication to earth at a very limited rate but for 
many days or weeks . This program would have made it impos- 
sible to conduct any very detailed experiments involving high 
rates of information transfer but the long duration of contact 
would have encouraged longer term culture experiments . 

More recent information on the current analysis of the 
situation suggests a rather different program involving a 
relay to the passing bus. On this basis, a channel of about 
1 KC might be available for about an hour, this decaying to 
1 cycle in about a day. Such a design puts a very different 
complexion on the mission, primarily insofar as it opens tip 
the opportunity for a substantial number of photographs to be 
transmitted during the early stages of the mission. Such 
photographs can be taken at very long range from the passing 
bus but the opportunity for close-ups is much more exciting. 
Such close-ups should be invaluable in setting the sepne for 
later experimentation by delineating the overall habitat and 
its variability. In addition, soma specific aspects of the 
geological history of the planet, and even (as a remote possi- 
bility) the presence of larger recognizable forms of life 
might be apparent. 

If something of the order of 25-50 photographs could be 
obtained during the first hour or two, we might wish to recon- 
cile two conflicting aims: (1) to obtain views as close up as 
possible and (2) to reconnoitre over as large an area as 
possible in order to secure a broader perspective of the 
planet. The first objective might seem to entail a definitive 
landing, while the second would be better met by a slow descent 
utilizing an air foil or a balloon. 

After some debate as between these alternatives, a third 
possibility has been brought up for discussion and is sub- 
mitted with a view to eliciting a critical analysis of its 
feasibility. This would involve a semi-buoyant structure 
which might graze the ground and then be lifted again either 
by wind action or by programmed release of buoyant gas. 
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An additional advantage to this design is that it may 
afford a possibility of solving the rather perplexing problem 
of how best to collect samples of the ground surface with the 
least complication in gadgetry. The grazing balloon could 
be expected to scrape loose material from the surface into 
small drag buckets, thus utilizing wind energy in place of 
more complex schemes of mechanical actuation. 

Until the capabilities and limitations of the system 
have been explored, it would be difficult to enumerate all 
of the most desirable experiments. The following are of ‘ 
evident interest: 

1. Vidicon photography at various focal lengths. For 
pictures from altitude, a video-signal-controlled Zoomar 
could even serve as a range altimeter. The close-ups should 
include magnifying lenses that could give down to 1 mm reso- 
lution with the hope of identifying "vegetation" . 

2. Vidicon microscopy - in effect, another objective 
lens for the Vidicon system. At minimum, this lens could 
look at dust collected on a sticky tape mounted at the focal 
plane. Resolution to 10 microns should not be too difficult 
to obtain and 1 micron should be attempted. The possibility 
of mounting a small illuminating lamp (drain 100 milliwatts) 
within the objective deserves consideration. If this is 
feasible the microscope need not weigh more than a few ounces 
all together. 

3. A radiobolometer. 

4. A contact thermometer for the calibration of 3. 
at points of contact. 

5 . A microphore can serve as an impact sensor and function 
as a relatively cheap source of cues to meteorological and 
tectonic activity, dust and sand storms, even animal life. 

6. Solar spectrum in UV and IR. 

7. Insofar as analytical instruments can be perfected, 
the humidify of the atmosphere and of soil samples; pH and 
conductivity of the soil when saturated with added water to 
furnish data on electrolyte content. The last item could 
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give some clue as to the importance of volcanic emission and 
of aqueous erosion in tho earlier history of the planet. 

8. The microbial culture device might still be justified 
as an alternative or backup to the microscopic examination, 
particularly if the communication parameters are altered 
during the development of the vohicle. Although this approach 
would command a second priority in terms of the concept, the 
present paper may still be pertinent and may become even more 
so for other ventures. 
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CYTOCHEMICAL STUDIES OF PLANETARY MICROORGANISMS 

Explorations In Exobiology *... 

, • • I • . 

A research proposal to the National Aeronautics and Space Administration . 

submitted by „ ■ . : ' . 

» • 

».-•** . • ’ , r • 5 \ § » 

• % » «*••, ■ * * !■ 

Joshua Lederberg • „ 

professor of. Genetics 
Stanford University Medical 
School of Medicine 
Palo Alto, California 


April 1, 1961 to March 31 » 

Total Amount Requested for Three Years 
Direct Costs: 2331 >0°° 

15^ Indirect Costs: . ty'&O — 

380,650 


Signed for Stanford University: 
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EXPLORATIONS IN CXOBIOLOGY 
tntroduct Ion 

Since March this year, I have been responsible for a preliminary project 
with NASA support with the aim of defining the reasonable objectives, means and ‘ 
scope of the effort we might contribute to f.he development of Instrumentation for 
the detection of planetary life. The general approach that we have adopted to 
this problem Is outlined in previous reports and publications; for guidance here 
we have been greatly helped by the exobiology subcommittee of the Space Science 
Board, and by consultations with members of the NASA headquarters committees and 
with the staff at the Jet Propulsion Laboratories. In brief our efforts would be 
focussed on the detection of microo rganisms, and with their further characteriza- 
tion especially with regard to the presence and role of nucleic acids and of 
proteins . The devices are intended for use on projected landing missions to Mars 
and Venus In the period from 1964-l$67, tn t is for the interval when we have 
definite but restrained capabilities for landing automated instruments, and for 
telemetric retrieval of data, but before we can expect to recover actual samples 
of planetary material s. However, the experience would also be relevant to 
general studies on the moon, and to the analysis of return samples from the 
moon and the planets. 

The present application is a proposol for the long term support of these 
studies in the directions and on a scale that we now feel to be the most appro- 
priate for our participation. It would allow for the close cooperation of two 
senior investigators (myself as experimental biologist, and an electrical 
engineer or applied physicist for the instrumentation) and one research assistant 
or technician in each of our respective fields, together with some essential 
further assistance as outlined in the budget, appended. There is room and 
intention in this program for the participation of graduate students, whose 
academic programs can be accomodated through the degree programs in Biology, 
Biophysics, Genetics or Electrical Engineering at Stanford as best befits each 
student's needs. While the present program is sharply focussed on exobiology, 
it may help serve os a prototype for the fuller utilization of electronics In 
experimental biology and medicine. My own recent experience on this project has 
helped me to rcojize hew little of the potential values here are being exploited, 
partly because of the understandable conservatism of university research workers 
in biology end medicine to request levels of financial support requisite to the 
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It Is possible, In tact definitely expected. lliat some of the fruits of the 
present program will have useful appl Ica^ons In terrestrial science end nwouin.. 
\/e assume that the NASA (as would other research-granting agencies) would encourage 
the development of these Incidental fruits, especially Insofar as they contributed' 
to the success of the central program. For example, a rapid monitor for micro- 
organisms could also serve as on alarm system for the surgical theater on one 
hand, for biological warfare defense on the other! Conversely, Investigations In 
these fields have laid the groundwork for the intended study of planetary 
organisms. Of course, major diversions from exobiology would be supported 
Independently. 
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Proposal 


With the research team herein indicated, we propose to continue to study 
the feasibility of several related approaches, and to outline the appropriate 
Instruments. As far as our intellectual and material resources allow, we will 
build and test prototype instruments. The shops of the Department of Electrical 
Engineering are available for the purpose; we will however also have to rely 
heavily on the cooperation with MASA laboratories for solid hardware. 

Four approaches ’•c now in view; however, an important reason for building 
this team is to allow s to leak at others that we have not had time to look Into 
adequately. 

1. A culture device ("multivator'*) cumprislna » variety of nutrient 
media; microbial growth would he detected by the scattering of Incident, light 
into a masked photodetoctor. This is a simple concept which is ready for 
prototype construction at a Space Administration Laboratory; \*e might help to 
improve on the preliminary designs, and to test out the device on a variety of 
terrestrial samples. 

2. The detection of microbial enzymes In soil samples by micremethods. 

I’e have done no work on this so far; several possibilities are open for the 
detection of such characteristic enzymes as nucleases and adenosinetriphosphatase. 

5. The concentration of microbes from soil and their characterization 
for DMA and protein by semi-micro photometry. This may be plausible as one 
way to examine the output of flotation methods for concentrating microbes, and 
would be technically much simpler and therefore available for smaller payloads, 
but probably less sensitive and specific than 4. New information on the spectro- 
ref ractrometry of bacteria Is needed and will be part of the work. 

b. The examination of single particles by microscopic and ml crospectro- 
photometric methods after preliminary fractionation of soil. This Is the most 
substantial program, as outlined on the attached scheme. Preliminary work has 
been done primarily on the microscopy; this scheme would be the main challenge 
to the engineering research associate. 
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V. 

Some recent progress 

Although we have hod the preliminary grant for about 6 months, I have only 
recently decided to make a deliberate long term commitment for personnel, os would 
be entailed in employing an engineering associate in the laboratory. We are now 
interviewing several promising candidates — the program has attracted a number 
of inquiries. We therefore have relatively little to offer on this side; also, 
even rudimentary equipment has been subject to vexatious delays in delivery. The 
following points ran be made: 

1. Television display (commercial otandorHs) is entirely adequate for work 
in biochemical microscopy. We are studying the minimum s*.o.%j.ti-Hs for conservation 

> of bandwidth: probably about 250 lines and 2-3 shades of gray will be rao e «n*bly 

adequate. 

2. Existing vidicon camera tubes, In connection with readily available light 
sources, arc not sensitive enough for critical UV -microscopy. However, develop- 
ments new in progress (e.g. the Westinghouse Ebicon) would alter this conclusion. 

3. The original proposal for UV-microscopy can be substantially improved. 

UV optics should be used for spectral absorption information; phase optics or 
transmission optics on stained material for imacic formation. (Uc arc studying 
the design problems of fast scanning l)V microspectrcmcti y.) 

4. Microorganisms can be (remarkably) efficiently concentrated from soil by 
flotation , currently in colloidal silica sols (Ludox). The success of this tactic 
Is optimistic for a program of direct observation of planetary soils, obviating 
the need for difficult inferences on how to culture them. 

5. (Most recently) Polyvinyl alcohol may bo the Ideal material for plastic 
films intended to hold specimens for microchcmicai study. The films are optically 
satisfactory, even to transparency in the UV. They dissolve slightly in water, 
which is to great advantage since the moistened, tacky films will entrap dust 
(microbes); the evaporation of added moisture leaves a film in which the particles 
are firmly embedded. Basic stains, e.g. methylene blue, can even be incorporated 
in the preformed film at concentrations that will di f ferent iol ly stain bacteria. 
Thus a bacterial suspension can be sprayed on a methylene-blue/polyvinyl alcohol 
film, then allowed to dry. Without any further treatment , the stained bacteria 
arc readily discerned (the stain must, fortunately, have a lew avidity for the 
plastic and be readily concentrated by the bacteria). As the seeded films can 
also be hardened by exposure to formaldehyde, probably even better ethylene oxide. 
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the systtm opens the way to easy processing with other water soluble reagents, 
c.g., enzymes, for cytochemical characterization. 

(6. A fortuitous coincidence. Polyvinyl alcohol films stained with Iodine 
have been reported by lloshino and Yoshlda to make useful ultra-violet filters. 

In a few weeks' work we have been able to improve the performance of these films 
very markedly (viz. to transmissions of > 50 $ at 2500 1?, « 1$ through most of the 
UV) to the point wht*r© they will be extremely useful for UV microscopy. The 
best Interference filters now a-.»ni -Kr.ut the same half bandwidth, and 

only about 15 per cent transmission.) 
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Budgetary Comments 


The costs of instrumentatlonal research in this area are very high, both In 
respect to the salaries commanded by engineering specialists, and the purchase of 
already available equipment where this is available. For example, Zeiss Is 
advertising a prospective (I 96 I-I 962 ) micro spectrophotometer designed by 
Caspersson, many of whose elements would be very pertinent to our needs, but will 
require substantial adaptation, at Sfkl.OOO. Television, recording, and other 
optical and electronic equipment are likewise very expensive. The budget 
attached hereto, large as it is, would not be realistic except for the prospects 
of close cooperation with the Jet Propulsion Laboratories and with other units 
of the NASA, particularly if a NASA Life Science Laboratory is established In the 
San Francisco Bay Area. This cooperation should make It possible to use the most 
expensive hardware more efficiently, and to relieve the present budget of the much 
greater expenses of ultimate adaptation of prototypes to the engineering require- 
ments of spaceflight. 

The item for travel is intended to include travel by the senior personnel, 
for technical purposes including travel on NASA consultations, which will often be 
combined with the conduct of project business. Foreign travel, subject to such 
regulations as NASA may indicate, is also contemplated, primarily to meetings of 
COSPAR or other International bodies dealing with space science; such travel 
would be important to keep abreast of the plans for space experiments in other 
countries, and also to consult with biophysicists in other countries for example. 
Walker (Edinburgh), Caspersson and Thorell (Stockholm) who can make Important 
contributions to the Instrument development. The funds should also be available 
(for cautious and deliberate use) to bring such people to our laboratory where 
they might be of unusual help in solving specific technical problems. 

At the present time, a laboratory area of about 800 Ft Is available for the 

exobiology research. This space is “on loan" pending the construction of a new 

laboratory building which will house research in the field of "molecular medicine". 

It would accelerate the construction of this laboratory, which would be a definite 
•improvement 

'for work in exobiology, and especially in integrating it with other research in 

the Department, to have a commitment for the pro rated cost of construction and 

equipment for space allotted to exobiology. The item of #5°»CC0 Is the anticipated 

2 

cost for about 1C00 Ft fully serviced and furnished, to be available about 19-3* 
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BUDGET - EXPLORATIONS IN EXOBIOLOGY 


Annual rate 


Personnel 

Principal Investigator - Prof. J. Lederberg (Microbiology) 
Senior Research Associate (Biophysics; Instrumentation) - 
according to qualifications, to 
Research Assistant - Microbiology, Biochemistry 

* Biophysics, Electronics 

Mechanician 

Secretary (and purchasing agent.) 

Graduate Students 


by Stanford 

1 16,000 
6,000 

7.000 

6.000 

5.000 

otkar funds 


Equipment 


Laboratory Instruments and furniture; 
(including design consultation fees) 


Custom fabrication 
of laboratory prototypes 


Supplies and technical services 


25 .coo 


10,000 


Chemicals, glassware, media 

Small tools, Instrument parts 

Office supplies; photography and draftinn 

U,0C0 

Communication and travel 

2,000 

Reference materials 

Technical information, books and journals; publication and 
reprint charges 


Construction and remodelling 


1 ,000 

Raslc Annual Budget =» 5582 ,000 


Three Years at 282,000 

Non Recurrent Items: 

Additional Equipment First Year 

Prorated Construction Costs of New Labs > j 


22L6.C00 

55,000 

«j0.0C0 

551 .0C0 


Direct Costs 

Per cent Indirect Costs 
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BUDGET - EXPLORATIONS IN EXOBIOLOGY 


Ann rate 


Personnel 

Principal Investigator - Prof. J. Lederberg (Microbiology) 
Senior Research Associate (Biophysics; Instrumentation) - 
according to qualifications! to 
Research Assistant - Microbiology, Biochemistry 

- Biophysics, Electronics 

Mechanician 

Secretary (and purchasing agent!) 

Graduate Students 


by Stanford 
#16, COO 

6,000 

7,oco 

6,000 

5,oco 

otkar fund » 


Equipment 

Laboratory Instruments and furniture; Custom fabrication 

(including design consultation fees) of laboratory prototypes 

Supplies and technical services 


25,000 


10,000 


Chemicals, glassware, media 

Small tools. Instrument parts 

Office supplies; photography and drafting 

Communication and travel 


Reference materials 

Technical information, bocks and journals; publication and 
reprint charges 


2,000 


Construction and remodelling 


1,000 

Basic Annual Budget *= #82,000 





t 


% 




I 


Three Years at #82,000 #246,000 

Non Recurrent Items: 

Additional Equipment First Year 55,000 

Prorated Construction Costs of New Labs l>63 50 .000 

Direct Costs 33'»0C0 

Per cent Indirect Costs — 


dTT^rmrr»*m i n 


Report to the National Aeronautics and Space Administration 
"Cytochemical Studies of Planetar, Hlcroor 9 anlsm. - eep.orat.o-.s I. Exohiolosy- 

NsG 81-60 (Si) 

April 1, 1961 - February 28, 1962 


Peoartment of G^n^tics 
Stanford University 
School of Medicine 
Palo Alto, California 


i ilk. 


<,r< 


-f a 


- u 




'yfloshua Lederberg 
Principal Investigator 


? 7t 




El \ iott Lcvinthal 
Project Director 
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A. 


Experimental Program 

The experimental work during this period falls Into 

I. Multivator - haii Mariner B Experiment 

a' tow level fluorometry instrumentation 
b) Biochemical assays and soil chemistry 

II. Concentration of Bacteria 

III. Fluorescent Staining 

IV. High speed scanning UV microspectrophotometer 


four areas: 


A. Experimental Program 

I. Multivator - Mars Mariner B Experiment 

. The next opportunity for the investigation of Mars will be at the February 
1965 opposition. Tentative plans might allow for a flight of about six months duration 
starting November •• December 196 k. This mission. Mariner 8, might release a reentry 
capsule to deposit on instrument package on the Mars surface in May 1965 . Engineering 
planning for this mission is still in progress and final decisions on its details, or 
whether it can be flown in this configuration have to be made. 

M ultivator designates a small automated laboratory being developed in 
collaboration with the Jet Propulsion Laboratory (George Hobby, cognizant scientist; 

Jerry Stewart, cognizant engineer), and the Exobiology Group at Stanford. It is 
designed to retrieve samples of surface dust and Inject 100 mg of this material into 
each of some twenty modules. Each of these comprises a pair of 1 ml reaction chambers 
together with stored reagent solutions. The simplest progrems would be preferred, but 
some additional process steps may be included through the use of l) del ayed-rel ease 
of mi crocspsules of reagents, 2) shaking and sedimentation through centrifuge action, 
already part of the injection mechanism, and 3) the use of semi-permeeble or semi- 
soluble membranes anu filters to partition compartments within the reaction chamber. 

The reactions can be read photometrically, e.g., for absorption, fluorescence, scatter- 
ing, polarization, color, or radio scintillation. Other detectors suitable from the 

standpoint of size, power, complexity are also available, e,g., for conductimetry, 

pH measurements, solid state counters. The signals would be telemetered directly to 
the earth. An important consideration in the design is the limited telemetry rate, 
about one bit per second, imposed by the available power: distance ratio. 

One of the impelling motives in designing this device is to establish a new 
interface for laboratory scientists interested in future space research: the individua' 

module in a Multivator rather than the national space program. 

The main aim of our present work is the detection and characterization of 
Martian life. We have to balance what we would like to measure with what we ore able 
to manage within the limitations of the ex.per imental system, taking account of the 
costs in money, time, and effort of new development work and their offset by other t 

more general uses. 

Vie have concluded that the experimental limitations preclude the direct 
compositional analysis of a 100 mg soil sample for living forms in any reasonably 
expected abundance (say 1000 bacteria per sample). Such a sample of terrestrial soil 
might have a few micrograms of DNA or protein whose detection would be a formidable 
problem with all the resources of an carthbound laboratory and would still leave 
knotty questions of certainty of identification. Instruments to deal with such 
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challenges Co microchemi stry should be developed for further missions. Meanwhile we. 
have concentrated on functional tests for growth, and for enzyme activity that give 
higher sensitivity but require riskier guesses as to the functions that should be 
sought and the conditions in which they will be manifest. In addition, some of the 
modules will be devoted to some elementary determinations of the physical and chemical 
properties of the sample. 

The Mariner 3 capsule instrumentation package also calls for measurements of 
the temperature within the device and such environmental parameters as atmospheric 
pressure, Illuminati or* scd *JV flux, ojsyger# C9.^ and humidity. 

The enzymatic tests fall into these categories: 

A. Hydrolytic enzymes by fluorometry testing for the catalysis of RX + 

H-0 — — -> RH + XOH. For example, R. = phosphate, X * alpha naphthol to constitute a 
fTuorometric assay of phosphatase. This enzyme is given special emphasis in our 
planning as (1) a ubiquitous occurrence in terrestrial organisms, ( 2 ) catalyzing a 
type reaction of only ..'odwrtK- :»por.; f icity, { 3 ) indicating a significant role of 
organic phosphates i.i tho r..«ter lal, (4*, readily accessible to ultra-assay. 

The basis of the Lest is the re'ieasc of XOH which differs from XR in being 
highly colored or, baiter, f iforescent. j,\ pir,?c of nnphthol , fluorescein derivatives 
are no w being studied- -'they on* potential !y rbout * CO tinier, more sensitive in dis- 
criminatii.p agair.rt •J< , CA:,rc' , on. 

14 

Z- Depo: yr-i:r -••>/$: These taito advancacr. •':!»« rat:-itio,*. of C - 

labelled s-oiymer by ?. Jls.'ysis ^ambrs'-e, 31 uly sable. products would furnish counts 
to a cclr.zil lation packet or other counter. The presence of proteases, nucleases, 
etc., would be good evidence rf the role of the corresponding polymer, but at. present 
seem to be better rarc*Ls for yt ; -r.t.' .KitO;**;: »..*•*, tor., An 3 ogous mv t:\Ov Is 

applicable tooth*;* !r,se>ui>'a svba y, , phcvplrocol ?■:..* yhosphatssa. 


for su 1 fur util* rr t i or.. 


C. Deca rbox ylases or. a -s-yielu.’-.r : niVc-.'bc* i y... PolyethylfeMU y.;:J other 
polymers form fii.m" with inturustlng permeability properties, e.g., the selective 
flow of CO £, CHj| .ur.d other gases to the exclusion of larger, polar solutes. We are 
studying the application of s.,ri< membranes to the. detection of nrtt.Vj.nJic C*0p, C*0, 
or C*H^ from C , ' T ‘label led nutrient substrates, 

D. Miscellaneous as says. V/e are considering, but for reasons of technical 
difficulty or conceptual bafflement are not ovarenthusiastic about tests for other 
important metabolic sequences, c. g., hydrogenase, catalase, photosynthesis, and the 
utilization of inorganic substrates. 

Many ^ enzymes could be assayed by the familiar trick of coupling with 

DPH < OPNH; in general we would prefer to avoid sending one enzyme to chase 

another, and it would be risky to re I y on the involvement of DPN on Mars. However, 
these systems deserve much more consideration than we have given them, especially 
to exploit the fluorometry of DPNH. 

The following is a list of experiments that are being studied for possible 
inclusion in the Multivator; 
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Soil Chemistry and Physical Measurcme £ts 

1 . A. Dry soil: conductivity (moisture content) 

specific gravity (by radio-attenuation) 

B.* No-soil control 

2 . * Soil + water: conductivity (electrolyte content) 

turbi di ty 
pH 

3 . Reagent for Fe: color-f 1 uorometry; details under 

development 

4 . Reagent for silicate/carbonate: color-f 1 uorometry; details under 

development 

Phosphatase Assays 


5. 

A. 

Soil 

+ reagent: 

pH 0 (f! uorometry) (conductivity) 


B+ 

Soil 

+ reagent: 

pH 6 

6 . 

A. 

Soil 


(background fluorescence) 


B. 

(phosphatase) reayant 

col ibrCkicr. test on known phosphatase 

7 . 

A. 

Soil 

reagent + phosphatase 

( inhibi tor in soi 1 ?) 


Bt 

Soil 

Fluoi ochrome 

fluorescence quencher in soil? 

8. 

A. 

Soil 

+ iodine + reagent 

enzyme? sensitive to poison? 


Bt 

So si 

+ reagent pH sweep 


9 . 

A. 

Soil 

reagent 

pH 0 temperature sweep 

10. 

B. 


reagent 

pH 8 r .emperature sweep 





Analogous Fl uorometry 


11. 

3.. 

; 5 '- 

nucleotidase 

(naphthyl adanylate) 

12. 

deoxynucleotidase 

(naphthyl -thymidyl ate) 


13. leucine amino p>'pt idose. . . leucyl nept.hylamiJo substrate > fluorescent 

alplia-naphthylami ru 

14 . sulfatasc naphthyl sulfate 

15» esterase naphthyl butyrate 

16 . p-gl ucos idase. . . naphthyl glu<.osidc 


otherwise specif icd + , cell B of each module is a reagent blank control 
_ (r.o soi i ). 


ATT/W’WMFNT IS 


Depo 1 ymerar.es by Dialysis-s c?nt' 1 lometry 


111 xp 

C or P ^ labelled substrates 


21 . 

ONA 

22 . 

RNA 

23- 

protein 

24. 

synthetic L-polypeptide 

IT\ 

OJ 

synthetic D-polypeptide 

26 . 

cel iulose 

27. 

starch 

28 . 

mixed biological polymer 

29- 

synthet i c . anomers 

Growth and Metabolism 

31. 

nutrient broth 

32. 

14 

C nutrient broth 

33. 

14 12 

C acetate + C bicarbonate 

34. 

1 4 

C amino acids 

35. 

_ 1 4 , 

C glucose 

36 . 

C ^ 4 acrose (mised sugars from 


pol y forma i dehyde) 

37. 

S^/dialysis 

Mi seel 

laneous Systems (for development) 

41. 

ATPast 

42. 

DPN reductase 

43. 

catalase 


NOTES: 


(C * 4 algae. ...residue after dialysis), 
e.g., poly?L-g1ucose if available 

tuibidometry of compartment across porous 
filter. Monitor pH and conductivity 

by selective permeation 

CCjj fixation 

(decaibox/’ p.sa) 


utilization of free sulfur 

32 

P phosphate by desorption or 
"chrcmotography"? 

? choice of electron acceptor,. H„? 
DPNH by fluorometry 

0-2 ky gas-permeated, fluorescence- 
quenching 


2. Feasibility of titrating available OH and H^ is being considered. pH measure- 
nc.-!‘ before end after solution of microctpsoles i.iight serve but will require 
additional controls. 

3. FCp0 7 (linonitc) is often cited as the probable basis of Mars' red color, end 
if this is so should be particularly abundant. Polarographic measurement night 
be the most direct, if we v/ant to ovoid colorimetry ( 2 -wavelength differential 
oho tore t ) of vksI 1 known reactions. Fe +++ also quenche s fluorescence of many 

and reversal by SCN” might be diagnostic. 

5-9* Phosphatase is the first candidate for this intensive study. The same effort 
could be transposed to any other worked out system. 
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5 A. Conductivity readings will monitor the achievement of the operational program 
or so 1 1 ana reagent Injection. 

5 B. Check: acid vs. alkaline phosphatase. 

8 A. This deserves more thought. What would be the most informative inhibitor? 

8 B. To lc. .itu optinui. pH of enzyme. By gradual dissolution of microcapsules. 
Redur.jan.; (cf. 3 A vr., *> B) and tricky but more informative. 

9. if one clviinber can be heated without prohibitive power load. The temperature 
at pH swoops will locate optimum most useful in planning follow-on experiments. 

21. These assays ce? also h? done f l uometri cal ly, by release of adsorbed fluorochrome 
dyes, but one sho.ld anticipate higher blanks. To increase sensitivity polymers 
can be partially predigested, then exhaustively dialyzed to leave barely Im- 
permeable fragments. 

31. Growth Is also Indicated by the kinetics of sr.zyne activity in continuous 
measurement. When we can learn to measure growth new dimensions are available: 
nutrition, inhlal lion, enough material for compositional analysis. Would 

we dare rely on this now? 

32. The modules e.s row designed do not lend themselves to simultaneous turbidimetry 
and scinti llometry. If another counting method is used, these experiments 
miuht be compressed. C*0 or C*Hj would also be measured. If soil iron is 

Fe ' f ^ this may be the most plausible oxident. Such uncertainties as to the 
overall metabolic cycle speak in favor of concentrating on isolated metabolic 
steps. 

43* But will a few bacteria add appreciable 0 to the background from spontaneous 
decomposition of HgC p ? 


Our present experimental efforts in connection with the Multivator for this 
past period hhve been concentrated in the particular area of f luorometry and especially 
with the phosphatase assay. These aspects of our work are discussed below. During 
the next period we hope to define and test ir.'iny of tin other assays to be carried out 
in the Multivator. 


a) Low Level r luorometry Instrumentation 


extent, 
t i on •' f 


Techniques 
There sp^en 
- j laf.lc. 


for very low level fluorimetry have been investigated to some 
r to be two limits to tl.'" Invest a! ; noble level of the dctec- 
ti/ifcy ky tin usj of flu'.ciCir.t 


Tin first limitation is instrumental. In the laboratory, the intensity of 
tin # 1 of ■- sojren and the sensitivity of the detector may both be mode sufficiently 
large as not to be the limiting factors. The limit of detection is set by the back- 
ground f I uoro'cenc'' of the various components of the sr-mp I c connartmont and tr;-ttered 
excilrl’a: ’ n •Vv: ii h ‘ha filtt'. 'Insi tfrect - .vay »< Mini- 

mi .tC '■ the prone - .rnici ti gevrr .ry and ce.rpor.ents. This background level appears 
to be on the order of lO* - ^ to ICT^ of the input light In the best presently obtained 
coaf i r*: ion 
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The second and more important limit of detection Is in the substrate-f luor- 
systcm itself. here tnc rejtldutti fluorescence in the substrate and the background 
Introduced hy the soil being investigated ore two to three orders of magnitude higher 
than the instrumental bcckgioend. 

Tor the low level determinations a Bauscl: ar.d Lomb "Spectronic 505" spectro- 
photometer has been converted for dual beam fluorescent measurements. The conversion 
is such that the machine it.'./ simply and quickly be returned to its normal spectro- 
photometric function. (Sue. figure 1). 

Light sources for laboratory and spacecraft applications have bean and are 
being investigated. Brightness, power input, efficiency, spectral distribution, and 
physical size are the criteria of interest. Investigations of gas discharge, tungsten 
and fluorescent lamps have been made. 


• • • 

Or 


■ . 

- VULIT* 


b) Biochemical Assays and Soil Chemistry 


Two methods of assaying for phosphatase activity hove been investigated; 
colorimetric, using p-ni tropher.ol phosphate as the substrate, and f luorometric, using 
a-napthol phosphate as the substrate. 


1 5 

The colorimetric assay which con detect about 6 x 10 J molecules per milli- 
liter* p-ni trophenol as a lower limit is not sufficiently sensitive so as to measure 
bacterial populations of the order of 10*-. As a consequence, the colorimetric assay 
is not presently being pursued. 


The f luorometric assay has been studied with respect to the following factors; 
soil fluorescence, the concentration of a-napthol phosphate required for maximal 
activity, the fate of a-napthol, and the stability of a-nopthol phosphate. 


To date, two samples of soil hove been investigated with respect to their 
background fluorescence. One, an arable soil, fluoresced at a level equivalent to 
8.4 x 10 4 cml alpha-napthol when present as a 10 per cent suspension. This represents 
6 per cent of the total fluorescence observed when the same soil is incubated with 
a-napthoi phosphate for one hour. On the other hand, the fluorescence of a death 
valley sand was less than 1.8 x 10 ^cml a-napthol equivalents (when present at the 
same concentration es the arable soil). Further studies are in progress designed to 
ascertain the inherent background f iuorcficence of various soils and to determine 
whether any simple procedure may distinguish between fluorescence due to organic and 
that due to inorganic materials. 


A scries of studies have been conducted to determine the fate of a-napthol 
in the soil. Ul en nixed with soil, a-naptfioi rapidly disappears; the time course of 
disappearance shewing two distinct pluses — an initio) ly rapid rate followed by a 
slower rote of disappearance. The rate of disappearance is proportional to the con- 
centration of a-napthol from 0 - 10"- ; /i (no greater concentration was tested). The 
amount o. disappearance also depends upon the amount of sc’l. Attempts to extract 


• •••••• — • •• 

to#: Jcs p#:r milliliter hereinafter abbreviated cnl (i.c. chemical units per ml.). 
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a-napthol from soil after It had disappeared has not proven too successful. The 
following solvents have not extracted the bulk of the a-napthol; methanol, ethanol. 
Isopropanol, acid-ethanol, and alkaline-ethanol. Although it Is possible that the 
disappearance of a-napthol is a result of its degradation by biological (or even non- 
biological) agents present In the soil, this may not be entirely true since ethanol 
extraction does succeed in extracting a small amount of a-napthol- 1 ike material, and 
the kinetics of a-napthol disappearance seem contrary to what one would expect if a 
biological degradation occurred. 

The stability of a-napthol phosphate is presently being investigated. To 
date the following observations have been made. In solution, a-napthol phosphate is 
reasonably stable for short time periods (1-2 hours) in alkaline and neutral solutions 
when kept at room temperature and exposed to visible light. On the other hand, 
irradiation with 336 light results in a relatively rapid decomposition. A-napthol 
phosphate d'-somposes alowly to a-napthol when kept at either 9°C. or -I0°C. for extend- 
ed time pe.iods. Currently, the stability of a-napthol phosphate when stored in vacuo 
is being investigated. 


At the present time, the following conditions are employed in the phosphatase 
soil containing approximately a count of 10^ bacteria per oram. From 0 to 1 gram of 
soil is incubated with 2 ml. 5 x lcT^M a-napthol (5. x 10* ® cml) phosphate for I hour 
at room temperature. The soil a-napthol phosphate suspension is gently agitated during 
incubation. Following centrifugation, an appropriate aliquot of the supernatant is 
brought to pH 10 with NaOH and the fluorescence resulting from excitation at 336 Mu is 
measured at 460 Mu. In a typical experiment, 200 mg, of soil when incubated with 2 ml. 
a-napthol phosphate yielded 1.5 x 10‘6 C ml of a-napthol. The background fluorescence 
of this soil (200 mg. soil incubated with 2 ml. distilled water) was equivalent to 
8.4 x lo’^cml a-napthol. Thus the background was equivalent to about 6 per cent of the 
total fluorescence observed, while the total fluorescence represented about a 0.5 per 
cent conversion of substrate to a-napthol. The instrument background limited the 
detectibi 1 i ty to 6 x lO^cml equivalents of a-napthol for a S/N=l. It should be 
pointed out that these data have not been corrected for a-napthol disappearance. 


It can be calculated from the above that a count of I bacterium per ml. would 
catalyze the appearance of 1.5 x I0°cml of a-napthol from a-napthol phsophate In I 
hour. Assuming that In a direct count of soil approximately 10 per cent of the count 
are viable cells, then the observed rate of phosphatase activity should approximate 
1.5 x lCrcml per hour per viable cell. The intensity of fluorescein fluorescence is 
approximately an order of magnitude greater than a-napthol (giving an instrumental 
sensitivity of 6 x I0**cml) and, since its excitation frequency is in the visible, it 
should give less difficulty with soil background. It is possible, therefore, that a 
fluorescent phosphatase assay could have a S/N=l for a viable bacterial population of 
4 x 102 bacteria per ml. per hour using the existing instrumentation and a suitable 
fluorescein derivative and assuming no difficulties with soil background. 


A summary of the above data is as follows: 



Instrument Sensitivity 

Background 

Method 

(cml for S/N=l) 

(cml ) 

Colorimetry 

6 x I0 1 ? 


Napthol fluorometry 

6 x 10*2 

^I0 ,2 -10^ 

Fluorescein fluorometry 

6 x 10* 1 

£10* * 

Phosphatase activity * 1. 

5 x 10^ molecules/hour/viable cell 


The above instrumental sensitivities are those we have achieved with a minimal 
effort. Further work is being done on the instrumentation to reach sensitivities closer 
to those theoretically possible. It should be pointed out that It is not justified to 
expend the sensitivity beyond the limitations imposed by background noise. 
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II. Concentration of Bacteria 

To diite, two methods have been employed; concentration of cells based upon 
centrifugation in media possessing densities greater than water but less than those of 
bacterial cells (density separation), foam flotation. 

Density separation has so far proven inadequate using the following agents 
to increase the density of the suspending medium. CsCl, sucrose, glycerol, and 
various modifications of Ludox ( LS , HS, and All). In the case of Ludox, concentration 
could be affected when soi 1 - free suspensions of bacteria were employed. Thus, a 
suspension of bacteria occupying a height of 2.5 cm. could be concentrated by centri- 
fugation in Ludox HS for thirty minutes at 500 x g to yield a zone of concentration 
about 1-2 mm. in height. When soil suspensions containing about I O' bacteria per gram 
were suspended in Ludox and treated in an identical manner the results were erratic. 

In many experiments a substantial number of bacteria were floated, but many remained 
in the sediment. In other experiments, very few floated. These effects may be due 
to the adhesion of microorganisms to soil particles, and some improvement of separation 
follows after preliminary mixing of the soil in water. However a one-step procedure 
would be preferable. Varying the Ludox concentration, the ratio of soil to Ludox, 
pH, and the time and force of centrifugation did not improve the separation. 

The second method, foam flotation, appears fruitful. As presently operated, 
a suspension of soil is placed in a gas washing bottle containing a coarse porosity 
filter and Tween 80 is added as the collector. Foaming is induced by the positive 
application of air. Although the concentrate does not exhibit a significant concen- 
tration of cells relative to either the feed or the tailings, it does contain less 
soil than either the feed or tailings. At tho present time, efforts are being 
directed along lines designed to increase the concentration of cells during flotation 
t>y varying the nature of the collector, the pH of the feed, the ionic strength and 
type of ions in the feed, and the time and rate of foaming. 

At the present time further efforts along the lines of developing the 
density separation and foam flotation techniques have been diminished owing to the 
pressure of the Mariner B Multivator program and the expectation that these techniques 
will not be required on that program. 


III. Fluorescent Staining 

An attempt is being made to devise a simple and rapid fluorescent method for 
staining bacteria directly in the soil. To date, the only fluorochrome employed has 
been Acriding Orange. Under the presently defined conditions (Acridine orange, 10 -1 *M 
and NaCl, 1 0‘ 3 m) , soil-free bacterial suspensions stain rapidly merely by mixing a 
loopful of the bacterial suspension with a loopful of Acridine orange-NaCl on a slide 
and observing fluorescence with a dark-field UV microscope. An anomaly appears under 
these conditions: some cells fluoresce green while others on the same slide fluoresce 

red. When bacteria taken from a V/i nogradsky column are stained under identical con- 
ditions, they all fluoresce green. It should be pointed out that the cell types ore 
not the some, and this may play a role. However, at the present time no reasonable 
explanation for this behavior is available. Studies on the utility of fluorescent 
staining arc being continued along the following lines; clarification of the nature 
of the dual staining, further optimizing the conditions of staining, and eventually 
investigiting other f luorochromes. 
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IV. High Speed Scanning I'V Microspoctrophotometer 

The central element is a flexible camera control to drive the image tube 
at specified rates to optimize the trade-off between speed and sensitivity as well 
as to investigate different raster patterns. The digitized camera control for variable 
rate and raster pattern has been constructed and Is now in its final stages of test 
and evaluation. Operational amplifiers with high-current output stages were required 
to drive the vidicon deflection coil. The use of iow- inductance deflection coils and 
direct-coupled current- feedback amplifiers permits the beam to traverse the raster 
area in either direction in about 5 M s * and, at the other end of the scale, to sweep 
arbitrarily slowly. Some difficulty remains in the form of inter-axis coupling. The 
problem will be eliminated in the future by use of a larger camera box wi th space for 
amplifiers, etc., thus eliminating low-level signals in long cobles. The difficulties 
caused by this coupling will not prevent useful application of the present configura- 
tion. Fail-safe deflection-dependent unblanking is incorporated. 

Counters, logic, and digital-to-analog converters provide a choice of four 
raster formats, (see Figures 2, 5, 4, 5), three of which alternate lines between the 
upper and lower raster halves. The number of lines may be any power of 2 from 1 to 12: 
i.e. , between 2 and 4,C9o« The fraction of the raster area which is scanned may be 
any power of 2 from 0 to -11. The horizontal sweep may be generated either by the 
integrate-and-trigger method, which permits rates from standard TV speed down to 
arbitrarily slow, or by means of a delay line. 

The rasters are attained by counting the horizontal pulses (at line rate), 
and driving a binary digi tal-to-analog converter with the contents of the counter. 

The converter drives the vertical -deflect ion operational amplifier. The number of 
lines is determined by where along the counter chain the horizontal pulses are fed 
in; i.e., of all 12 counter stages are used, 4,C9o lines result. If the input is 
applied to the fourth stage from the end, lb lines result, etc. 

The fraction of the raster area which is scanned is determined by where the 

counter reset signal comes from. If the output of the last stage resets all the 

counter stages, full scale output is attained by the converter, and the whole roster is 
scanned. If the reset signal comes from the next-to-last stage, the count stops half- 
way, and the converter and deflection attain only half of full scale. 

The raster format is determined by the logic which is connected between each 
stage of the counter and the corresponding bit of the digital-to-analog converter. A 
conventional staircase raster (Figure 2) results from simply connecting each counter 
stage to the corresponding converter switch. 

To get the oddly displaced staircase (Figure 3), in which each odd count is 

displaced by half of full scale, all bits of the converter, except the large bit, are 

driven directly from the counter, as before; but the large bit of the converter i« 
driven by the small bit of the counter. Hence, the converter's output jumps up or 
down by half of full scale every line. Mote that there are only half as many lines as 
before. This is because, at the converter, it is impossible to have the large and 
small bits different: half of the count combinations arc removed, and the converter 

output cycles twice for each counter cycle. 

The symmetrically converging raster of Figure 4 is attained by driving the 
le gs bit of the analog-to-digital converter from the small bit of the counter, and 
driving all other converter bits wi th the non-identity function (the "exclusive or") 
of the corresponding bit of the counter and the small bit of the counter. Again, 
there arc half as many lines as counts but for a different reason: the non-identity 
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function of the small bit with the small bit is always false, so the small bit never 
changes in the converter and half the count combinations are removed. This does not 
result in each vertical deflection position lasting for two line times, as one might 
expect. Since the small counter bit may change all except itself, a change occurs 
for each 1 i ne. 

The symmetrically diverging raster of Figure 5 results from driving the 
large bit of the converter from the small bit of the counter, and driving all other 
converter bits with the negation of the exclusive or (identity) of the corresponding 
counter bit and the small counter bit. Again the number of vertical deflection 
positions is half the number of counts, for the same reason as in the preceding case. 

With del ay- line sweep generation, video may be superposed upon the synch 
in the delay line, thus giving one-line synchronized video delay. Line times from 
6 3 pS to 250 ps are attainable with the present delay line. Consideration is being 
given to the use of a more flexible delay device for our laboratory investigations, 
such as a video storage tube. 

Video log-di f ference circuits for ratioing the sample signal and reference 
signals have been completed. Tests of the electronics with a microscope input are now 
being initiated. 

The optical train for the high speed scanning ultraviolet microspectrophoto- 
meter has been assembled and still photographs have been made through the system to 
determine optical parameters. The Zeiss ultraviolet optics appear to be quite adequate. 


B. Personnel and Organization 

Mr, L. Lee Hundley and Dr. Lawrence Hochstein have joined the laboratory. 

Or. Hochstein is a microbiologist and is responsible for that phase of the activities. 
Three biology honors students are working in his laboratory and we have emplo/cJ a 
research assistant to replace Mr. Eli iot Packer who has just left to complete his 
graduate studies. 

In addition, wo have employed an electronics technician and a machinist who 
has organized a small model shop. V/c are seeking to expand the staff by hiring an 
analytical chemist. This will allow a concerted effort on the detail design of the 
Multivator assays. 

In summary the organization of the project is now as follows: 

Professor J. lederberg - Principal Investigator and 

Head, Genetics Department 

Dr. E.C. Levintha! - Project Director 

Lee Hundley - Electrical Engineer L. Hochstci n,Ph. D. - Microbiologist 

Harrison Horn - Electrical Engineer ,Ph.D. - Chemist 

3 additional supporting personnel full time 
3 part-time assistants (Biology majors) 
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DEPARTMENT oh CCNITICS 
iWi/.W*'" 


OiAINVWAU Ol'i > *-> ~ 

MEDICAL CF.N rr.K 
PALO ALTO. CALIFORNIA 

0 

Hay 1, >9^1 


DA.tnfKMi i-i»oo 
CibUi STANMED 


Tha Honorable Lyndon B. Johnson 
Vico President of the United States 
Washington, D#C. 

• • • \ 

Dear Hr. Vico President: 

. of verv cireat Interest to every 

Kr . Kennedy* s recent remarks were of ^ ^ with your Indulgence. 

s.,. ■ 

Thcro is one mission within the tb ^n]?lat We^Thl s Is on expedition 
^i^v^ ^n s t rumen tat ! on* hav I ng* the a J m of detecting the 
presence or absence of Ufa. 

We hove already mi ssed tho boat twUc.^ WUh an(J agaJn J n 

drive, we might have hod at least a fly y probably too late to 

1962. These missions hove withered away ^ ^ ^§ 54 , but it will take 
revive them. The next opportun y good advantage of it. I 

energetic planning, and funding and contrived Mars • 

Should point out that Manner B, a y vehicle will drop 0 small 

probe, is now being planned for l**- Th. ^ ^ fron it to the 

capsule to the Mars surface and ^ Qr thrce vehicle s could 

Earth. But this .s a >J a ^lnal effort. mtvaUy reinforce each other - 

be fired within 0 brie, in * . , nd ; n ectmuni cot ions. With a 

against the risks of » JJ, U 1. would end in an hour or so 

single vehicle, communication • P orbJtcr c0u i d greatly expand 

thi s^copahn^ty°and°also al low^for a hLvior Instant load in the capsule. 

will the Russians beat us to Th ®J j J f^not think they begin to 

hard to competo with them in b ™ . * tion an d these missions would put 

match us in instrumentation and co^un.^ J, ally trus ln biochemical 

great emphasis cn tnese ski l • . w0 Jk 5s rcn i ly surprisingly 

end basic biological studies wher u . t h„ physical sciences and in 
backv/urd by comparison with their ston 9 j ust os we arc, to specific 

rocket engineering. In any case, th^y u Qnc chcncc ncxt yC ar 

firing intervals In 1S& ^ ^ r o would be very great scientific 

to overshadow cur efrort. / „1 admission, far more than nigh, 

values to an expanded ? lsslon--bygoor^ od ,,ssl . ^ ^ th£ , w 

attach to various man-m-space proposals, 
nc.-i anyhow. 
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r i ef-rlkJnn things we can do with our 
There are many other uscfu «■ Unfort 2natdy, there have been 
soace program under vigorous leaders ' Pj^ that wo have not been spending 

such great pressures to develop the h • scientl fi c and technological 
the proportionate effort needed to thot the contract 

use of the ones we have. t is Incredi a m | crOSC ope for planetary 

solicitation for industrial proposals P delayed for months 

studies, a rather -odest ln ^“” e f u n ds a? Ihe Jet Propulsion Laboratories, 
owing to a shortage of research funds Kennedy's remarks 

C ^,! 1 «... .- to the proper 

remedies. 

Yours slncorely, 

Q r4w 

f Joshua Lederberg 

Professor of Genetics 


Clipping from N.Y. Times, April 22. 1S6.- 

tnn . review to determine an area in which 

President orders top-level review co a 

the U.S. can lead - Johnson to head study. 

'jr^?.“McS°oH.n h8 u; 

Pres. Kennedy. 


UKUiiNAL PAGE IS 
OF POOR QUA 1 IT 
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STANFORD UNIVERSITY 

MEDICAL CENTER 
PALO ALTO. CALIFORNIA 


DUPARTMliNT OF CINLT1CS 
S.M •/ 

Hay 12, I9&1 


Dr. Honor E. Newell, Jr. * 

Deputy Director, Office of 
Space Flight Programs 

National Aeronautics and Space Administration 

520 H Street, H.W. ' 

Washington 2p, D.C. 

Dear Dr. Newell: 

In response to your letter of April 7> 1 cm enclosing 10 copies of a preliminary 
proposal for the Mariner B Capsule - the "Nul tivator". This should be thought of as 
complementing two other approaches to the analysis of suspended particulate material 
in the Mars atmosphere that are being presented by JPL - the abbreviated microscope 

and the gas chromatograph. These devices could ail hook on to the same mechanism 

for collection of the dust. 

It is obvious that Mariner B is already 0 highly stressed mission, and it may 

become much more so as time goes on. I would urge the relcvent committees to 

consider the advantages and technical possibilities of expanding Mariner B to an 
expedition of two or three space crafts. If these arrive at intervals of a few 
days the communication capacity of the mission will be greatly enhanced, apart from 
the assurance of simple backup. I also have indicated this view in the enclosed 
letter to Vice President Johnson, as Chairman of the National Aeronautics and Space 
Counci 1. 

The political situation hero and internationally, suggests the possibility of 
sudden directives to expand the program on short notice. I urge that we take great 
core to have thought out potential missions and experiments and supported their 
development at least to the limits of Imaginable vehicle possibilities, whether or 
not these are programmed within current plans and budgets. If not, we are bound 
to be caught with our pants down, and to fail in the best service we can do for our 
country's goals. 

Seme specific elaborations that arc thought of for the Mariner series include: 

(a) Corroborative altitude measurements for the capsule 

(b) Radar analysis of the surface 




DAvrnpon Mioo 
CjI’Ui STANMED 
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(c) More ample photographic arid storage capacity. This could allow for 
more sophisticated selection of scenes for telemetry, and fuller exploitation of 
microscopy and other optical methods. 


(d) V/ider reconnaissance by the capsule 
time as well as means of locomotion. 


- needing longer communication 


Yours sincerely. 


t 


Joshua Lederberg 
Professor of Genetics 





I 
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May 10, 1961 


Submitted by 

Joshua Lederberg, Professor of Genetics 
Stanford University School of Medicine 


In cooperation with George Hobby and Jarry Stewart, Jet Propulsion Laboratory 


The multlvator Is a miniature, multiple purpose "laboratory" in v:hich a 
series of simple measurements con ba made on samples of atmospheric dust, A 
variety of measurements ore proposed, and others are to be considered. They 
have the common feature of testing a small sample of dust with a fluid reagent, 
and of giving a read-out by simple optical or electrometric measurement. In 
addition to a determination of solution or suspension properties (turbidity, 
pH, conductivity) the estimation of phosphatase and other enzymes for which 
ultramlcro-tests are available would be of great help In estimating the possible 
existence of life on Mars. 


t 
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K'JLTIVATOR 


The multivator Is a miniature, multiple purpose "laboratory* in which a 
scries of simple measurements can be made on samples of atmospheric dust. A 
variety of measurements are proposed, and others are to be considered. They 
have the common feature of testing a smell sample of dust with a 'fluid reagent, 
and of giving a read-out by a simple optica) or electrometric measurement. The 
device was originally conceived to attempt to cultivate Martian microorganisms 
in defined culture media, but brief communication times make It unlikely that 
changes based on growth could be observed. 

The effectiveness of the multivator depends on 1) the acquisition of samples 
of surface material from atmospheric dust or from the ground, and 2) the choice 
of feasible but Informative and sensitive tests to conduct on these samples. 

Part one will be the special responsibility of the development group at JPL. 

Port two will bo the preoccupation of the Exobiology Lauoratory at Stanford 
University. Our continuing studies are based on the assumption that several 
samples of about cne milligram of surface material will be available ("Clean" 
terrestrial air contains one milligram dust per lOM^: a 100 km column of l cm 
cross section). Plainly this assumption would most readily be satisfied with 
access to the ground environment; however. Mars' atmosphere may be dustier than 
the Earth's. Of the biologically oriented experiments proposed hercinbelow, 
the determination of phos phatase with the use of substrates that release a 
fluorescent chromogen appears to be the most promising gamble for the detection 
of cvldcuca of life. 

We propose a device containing 24 test chambers (two circular plates with 
12 each) containing about cne ml of fluid each and into which the dust sample 
can be Introduced. The plate will be rotated on its axle to allow each chamber 
in turn to intercept a light beam for photmatrlo measurements. Other chambers 
will have built-in electrodes for measurements of electric conductivity or 
potential. The JFL will assume responsibility for and has begun preliminary work 
on the problems of mechanical design of the multivator and the collection of the 
dust. The Exobiology laboratory at Stanford will conduct the calibration of suitable 
test reactions and attempt to develop rmre sensitive and reliable assays. 

The following measurements ere now proposed or under review to be 
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conducted on aqueous suspensions of the Just samples. Refined variants are 
also indicated. In sene cases, the sane chamber con be used for several parallel 
measurements. 

A. Solution Properties 

1. Turbidity - for rough calibration of further experiments 

2. pH 

3. Conductivity 

at- pclarographic measurement (help to Identify any electrolytes). 


B. Enzyme Tests 

1. Phosphatase - colorimetric test by splitting of p-ni trcphenyl phosphate 
to release nitrophenol 

- f kiorimetric test by splitting of fluorescent phosphates 

2. Deoxyribonuclease - conduct {metric test by release of dialyzable 
nucleotides from DilA 

- colorimetric test by splitting of p-nltrophenyl -thymidine-phosphate 

3. Ribsnucieasc - tests analogous to (32 with RMA substrates 

4. Other esterases (suifatase, acylcse) and glycosi doses by methods 
analogous to fi/ 

C. 

1. Electron transfer enzymes 

2. Substrates for electron transfer entyrr.es 

3. M’crcbial growth on defined media by changer. In turbidity, conductivity 
or pH of the biochemical tests. 

Phosphatases (cjf) are emenj the most ubiquitous enzymes - I know of no 
tissue or organism that has failed to shew them - and they con bo readily 
demonstrated in small samples of soil, dust, sediment from tap water, sea water 
(about 3 * IC~^ moles of nitrophenol released per milligram soil per hour). This 
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is just within comfortable detectivity in a laboratory spectrophotometer, and 
might also be achieved by differential colorimetry in a compact device. For 
example, a dual light source might consist of two pin lamps with differential 
filters, and driven by AC modulated in opposite phase. Differential absorption 
of one color would be recognized as an AC output fren the detector. 

This list Is oriented to the deLecticn of clues to life. In addition, the 
measures of port A, together with other microscopic and video reconnaissance 
studies will be invaluable preparation for the more ambitious efforts of the 
Voyager series. 

We are studying the extension of these microtests for phosphatase and 
other enzymes os well as possible artifacts and improvements. The presence of 
phosphatase activity in soil would be presumptive evidence of life related to the 
utilization of phosphate and can establish the limits of its prevalence. 

The sensitivity of this test can be augmented by the use of fluorescent 
substrates. Dr. Rotman (new working in my laboratory) has shown that the 
detectivity with these substrates Is several orders of magnitude higher than 
with nitrophenyl compounds and he can readily demonstrate the enzyme level of 
single bacteria, perhaps even single enzyme molecules. 

Equally important and widespread enzymes are the nucleases . We are 
studying ultromicro methods for these. One possibility Is to contain the 
reaction mixture in a dialysis sac within the multivator chamber, with a f 1 lm j 
of distilled water in contact with probe electrodes. The release of low 
molecular weight, dialyzable nucleotides would be signalled by an increased 
electrolytic conductivity between the electrodes. Whether this can be made 
sensitive enough depends partly on the electrolyte content of the soil itself. 

The Instrumental aspects of this proposal can be discussed by JPL. 

As a preliminary estimate, the design would cost about 5 lbs (mostiy the 
dust collection which might be integrated into the structure of the capsule) 
and <5 watts power. The information output would be of the order of 1-10 bits 
per - ccccr.J. Vc are considering further ways of minimizing the weight of the 
package. The reagents themselves would, of course, weigh only an ounce altogether 
end the signal outputs arc as simple as from any tionsduccr. 

It would, of course, be foolish to delay too leng the final decision on 
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test reactions and the ways these can be Incorporated into the multivator. 
However, the studies on ultramicro assay methods can proceed in parallel with 
the mechanical and electronic design of the multivator since the basic output 
from the chamber will be the same regardless of the type of reagent used for the 
individual test and of the choice between a photometric or more direct electro- 
metric estimation. 

The work at Stanford is already adequately funded as an aspect of cur 
current investigations and we ore adding additional staff during the next two 
or three months to help to accelerate them. Additional support may well be 
required for the Instrument development work at JPL. It should be possible to 
construct at least an elementary version of the multivator with tests and control 
for, say, items A, 1 , 2, 3 and Bi , within the indicated schedule. 
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and. Space Administration. ■ 
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At tba. roquaat of 0r. Joshua Ludnrberg, I an pleased to forward herewith 7^ ^’ 
an application, for a grant : to construct ted equip a Biomedical Iaistrurcentatioa .• 
Laboratory in the School of KodLcina. The estimated cost of .the 'facility 7^- 


As explained, in the body. of. the application,, a new building to be constructed - 
for the School'.of Iledicine 13 scheduled for completion ’in, 1964.7-' It ia highly * 
desirable that the Biomedical Instrumentation Laboratory ba incloded in this 
building,. not only becanae proximity of the. Laboratory to other Medical . 

School, activities, would enhance the exobiology program, but also because 
incorporation of tha additional facilities in a. larger building eould.vell 
bo ootwwhat less expensive than separate construction of lower quality . , ’* 

would be- '• .I;'-: * ; v,' ■' ' V 

-l’:' . '■ V’— ,■ Y • •• ■ 'V’-v-r , ' 

Intensive wort on plan3 for the building is now underway Fiaaicoat estimates ?:*'■ 
cad architectural plans relative to this proposal, are hot yet available. _ !•" 

soon aa they ara,. as will send then to you. la the meantime, trewill be 
pleased, to furnish whatever additional information would be pertinent to 
your-taview,,.; .. ’ V v r ' v#’-- T 

. ■ . • ;• • • • ' • * * . ^ 4 v : . .. Vv * . • •• * : ;\ 

I have re viewed, this application as a representative of tba University . ;; 
administration, and it has my approval. -' 7.’:^^ 


Sincerely youra. 


Albart H. Dowker • 

ORIGINAL PAGE £ Bean, Craduato Division 
bcc: Dr. J. Lederberg OFPOQR QUALHY 
Dr. E. C. Leviathal ^ 

Hr. L. E. Cook * vt\ 

Controllor • 


( 


( 
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Proposal to National Aeronautics and Space Administration 

BIOMEDICAL INSTRUMENTATION LABORATORY 

J. Lederfoorg ond E„C. Levfrthsl 
Department of Ganetlcs 
Stanford University. Medical School 


A. Functions of the Laboratory 

1. Expand our present exobiology program 

2. Facility for applications of NASA supported effort to other medical 
school programs. 

5. Facility to undertake new projects in space biology 


B. Scope of the laboratory 

1. Construction - 12,000 square feet (gross) of new construction 

within Stanford Medical Center Sf^CO.OOO 

2. Basic equipment, shop and laboratories ICO, COO 

Total facility costs 2600,000 

The facility is intended to support an annual basic rate of research 
expenditure of 2500,000 among its various programs. These programs are 
not port of the present application. Our current NASA activities are 
supported at the rate of 5>l2o,000 per annum (including indirect costs). 


L 


Definitive proposal 


attachment ?i 


Stanford University 
December I 96 I 


Requirements for Present Action 


A new building in the Stanford i'edicoi Center is now In the final 
stages of planning, preliminary to architectural drawings. It is planned 
for completion in 1£ 6$-~6k. The Genetics Department has been allccatdd new 
quarters In this new building and will vacate Its present ones. The only 
presently foreseeable way in which we could strengthen our current exobiology 
program and remain physically a part of the Stanford Medical Center is to 
incorporate the exobiology laboratory In current planning for the new 
building. The value of this physical connection cannot be overestimated. It 
makes possible the indispensable interactions of the exobiology program with 
the other activities of the Genetics Department and the medical research 
program of the entire school. These connections are essential for the 
intellectual and technical support of our own program and for the most efficient 
applications of our findings to general medical problems. 

The estimated cost of providing this additional space in the new 
building is 2500, COO. In addition, 2100,000 will be required for general 

shop and laboratory equipment. While this building cost represents a higher 
quality of construction and may be more expensive than might be possible 
elsewhere on the campus,. the increased cost is more than justified by the need 
for tills intercommunication. 

General Value of Increased Size 

All tiie functions of the laboratory will benefit from an enlargement 
of the present program. To be effect?'/?, it is desirable that an instrumentation 
research group of this kind contain a broad spectrum of engineering skills. 

This is important in two dimensions. In the first place, it is important to 
be able to draw on advanced talents in many different engineering fields, 
several of which are often involved In one problem of bio-medical instrumentation. 
In the second place, it is often very desirable to be able to draw on different 
levels of engineering talent. VJhile it may be an exciting challenge for a 
Senior Engineer to work on an instrumentation problem through the development 
and Initial construction phase, It would probably be considerably less attrac- 
tive to such personnel If they felt that they would have to continue for a long 
period of time spending all their efforts on the operation, use and maintenance 
of the equipment. An engineering activity should be able to draw on different 
levels of engineering talent appropriate to all phases of the problem. Many 
problems, while important, do not justify such a large effort by themselves. 

In addition, the organization and operation of an instrument development group 
Is foreign to the interests and would be considered o distraction from their 
other research activities by many faculty members who ml give otherwise be able 
to moke a significant contribution to NASA's program. 
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| . Expansion of present exobiology progra m 

By ccmp’etJon of the present NASA project we believe that we will have 
laid a sound basis for Increasing cur activity In exobiology to about twice Its 
present size, requiring approximately 6,000 square feet of shop, laboratory 
and office space. Increased activity would be justified because of the need 
to initiate or continue activities in several of the following areas: 

A. Separation of organisms 

Continue wor!: on flotation 
Foam flotation 

Electrophoresis, and in combination with above 
Flow gating methods 

B. Particle analysis — microscopic methods 

UV-visible-IR spectrometry : absorption analysis 
Fast scanning methods — v It' I con, etc. 

Microfluorlmetry . 

Electron-beam scanning of sample: emission analysis 

X-ray emission 
gas emission 

mass spectrometry; ionization detectors 
field emission effects 

C. Semi-micro sample analysis 

Fluorimetry for enzyme assay 
Optical activity and rotary dispersion 
DNAse by vi sccmetry 

D. Search for exotic terrestrial organisms (non-DNA life) 

Selection with nuclein antagonists; P^- incorporation 

F.. Application of analytical techniques to 

Fossi I o 
Meteor 1 tes 
Hicrometeorites 

F. establishing laboratory rcidiness for return samples from moon 
orrJ ploocts. 

G. TRAINING of graduate students and fallows In 

exobiology 
instrumentat ion 


ATTACHMENT 21 


£ 


II. Applications of NASA supported effort to ether medical school programs. 


V.’g propose to set. up a laboratory with physical facilities adequate to 
support col laboretlve research Instrumentation programs with other departments. 

In many cases such projects might be supported by Individual grants from other 
agencies such as Kill and NSF which are also concerned with instrumentation, and 
by cooperation with local industries. The most Immediate Lanevlt to our present 
NASA supported program In exobiology would ba these pointed out above, associated 
with a broadening or our engineering strength. A second benefit would be to 
Insure that tha technological skills developed In our exobiology laboratory 
had a fruitful Impact on other activities at the medical center. This possibility 
can bast be Illustrated by a specific example. 


As part of cur exobiology propram we arc concerned with the problem of 
acquiring an Image of a scene with minimum light level and extracting the maxi- 
mum information from the video signal with the minimum redundancy. This Involves 
us In the technology of Imaging devices such as image intensifier orthicons, video 
information storage, and signal enhancement techniques, ft Is easy to see the 
relationship of this to the problems of fluoroscopy In the Radiology Department. 

In fact, several discussions hove been had between members of the exobiology 
laboratory and Dr. Herbert Abrams of the Radiology Department, who is already 
actively engaged In clinical applications of what from an engineering standpoint 
are already well -developed imaging techniques. A possible research program 
using more advanced technology Is under active, though preliminary, considerations. 
(An almost identical need exists for processing image information to improve 
the resolution capability cf earth-based telescopes, and v/c have made preliminary 
arrangements with colleagues et the University cf California t.o pursue this 
opportunity tc exploit the oppositions of Mars in 19°p and 1 9^5 - ) Without more 
laboratory space, ojr group could net add such projects to its present respon- 
sibilities regardless of support for operating costs. 


Other examples of sucii collaborative efforts which are in early stages 
of discussion Involve Dr. Frank Morrell of the Neurology Department, Dr. Halsted 
Holman of tho Department of Medicine, and Dr. Woidcn Bclivllle of the Depart- 
ment of Anesthesi?. 


III. New Pro j ects in Fpa cp Biology 


Severn 1 of our colleagues !n the medical school have already established 
research programs under NASA support. There are many others who cojIc! make 
important contributions to meeting NASA* s need for basic scientific information 
and the biological end medical support of space flight. It is fairly characteristic 
however, that such programs require r.n insight into the challenges of space 
biology and access to technical, instrumentations! support which arc beyond the 
needs of many otherwise woi l-qual if iecl research workers. The establishment of 
the medical instrumentation laboratory with its close functional connection 
with NASA programs should help materially In providing a channel for the 
estcbl Ishment of many new research interests In fields other than exobiology 
which are highly pertinent to the national space program. 


I 
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MEMORANDUM OF UNDERSTANDING 
BETWEEN 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

AND 

LELAND STANFORD JUNIOR UNIVERSITY 
CONCERNING RESEARCH FACILITIES GRANT NsG(F) 2-62 


'It is the policy of the National Aeronautics and Space Administration 
to support research in space related science ana technology at non-profit 
scientific and educational institutions. Where additional research 
facilities are urgently needed to conduct such research and the insti- 
tution involved has demonstrated its intent to seek ways in which the 
fcenofits of such research can be applied to the social, business and 

economic structure of the United States, NASA cay supplement research _ 

___suppor-t-with- funds necessary for~the CiTVstructior. of such, facilities. 

Tho National Aeronautics and Space Administration is particularly desirous 
that the environment in which space research is conducted will be 
characterized by a multidisciplinary effort which draws upon creative 
minds from various branches of the sciences, technology, commerce and 
the arts. 

Stanford University has conceived and implemented a program of 
research in biomedical instrumentation and exobiology with considerable - 
financial support from NASA. It is expected that the Stanford research 
efforts in these fields will be quadrupled as a result of space being 
made available in these facilities. The research results and instru- 
mentation developed are expected to make a major contribution to the 
nation's space ex'fort as uell as finding many practical applications 
in the medical field. The physical limitations of laboratory research 
facilities at Stanford are now blocking the expansion of this program 
in a manner detrimental to the most rapid advancement,, of the space 
effort. 


Stanford has requested about J^600 thousand from NASA for the 
support of construction of additional research facilities in accordance 
with its proposal SC 3363-F and subsequent letters providing additional 
information. It is contemplated that . these new Medical Instrumentation 
and Exobiology Laboratories will consist of approximately 14,000 square 
feet of gross floor space and the necessary fixed equipment thereto. 
These laboratories will become an integral portion of the new 
Clinical Sciences Research Building connected with the Medical Center. 
Tho balance of the funds necessary for the construction of the total 
142,000 gross square feet of space to be contained in Clinical Sciences 
Research Building will be acquired elsewhere by Stanford, 


T • 


This building will be located on the main campus on land owned by 
the University, and will became an integral part of the Stanford 
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.“.cuica! Center. The convenient locution cf those and other campus 
facilities vill widen areas of cooperation ar.d contribute to increasing 
cross-fertilization of ideas ar.d rtsenre:. , thereby enhancing the 
research potential of the new facilities. 

burin * 19ol, expansion o;' restarts, activities at Stanford 'was 
.;a.c noaaiblo by the increase ir. the number ar.d sice of grants from 
outside sources. The University c.ru:'-s a continuing expansion of 
suer# activities and that the orocos#.- new fa '.dities will acccr.odate 
ar.d be increasingly util i ecu by both .*• verrsti r.tal ar.d non-governmental 
sponsored research in space related science ur.u technology in the 
ten year perioc following conoietion of the facilities. 


Tr.e oronosed new facilities are in accordance with the Stanford 


long range development pro gram which will .cvcrg.udlly_.ena.hle a substantial 
-lr. cress C t ft*" Vho~hCimb e r of graduate stu cents and a consequent increase 


in the research nctor.tial of the Unive: 


Ownership of the new 


facilities by Stanford, instead of by the Government, will assure that 
control is in the organization which is f .ru.ll y responsible for imple- 
menting the long range expansion plans ar.d will eliminate an uncertainty 
which may be detrimental to the University's fund raising program.. 
Additionally, it is expected that ownership of the facilities will 
contribute to the execution of the development program and tho consequent 
increase in the University's potential for conducting research in space 
related science and technology. 


Grant Ho. NsG(?) 2-62 by the National Aeronautics and Space 
Administration is made for the construction of new biomedical instru- 
mentation research laboratory facilities. Pursuant to the NASA 
Appropriation Authorization Act of 1961 (Public Law 87-96) the 
Administrator has determined that the national program of aeronautical 
and space activities will best be served by vesting title to such 
facilities in the grantee. Accordingly, title to the facilities 
constructed with the funds provided under this Grant is vested in 
Island Stanford Junior University. 7ne subject Grant is made in 
contemplation of the potential effect of the new facilities in 
stimulating the growth of space related research at Stanford in the 
manner o utlined in thi s memorandum and the University's proposal, ~x — ”7 


— * v 


It is expressly understood that no charge will be made by Stanford 
to any agency of the United States’ respecting the use of such facilities 
in connection with any Government sponsored research. 


It is further understood that Stanford vill, in the expansion of its 
research program, continue to make every effort to bring all of the 
various applicable medical, scientific and engineering disciplines to 
bear on the problems of biomedical instrumentation and space biology. 
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Ir. .diticn, Stanford will ur.i rtu/.v, energetic nr.i organized 

r..::;r.er, to c rea to a broadly ’cased, ~ l*.iu:.:'L pi inary tear, to explore 
rxchnnisns whereby the progress achieved wither, bioncdicai ir.atrunen- 
tr. tic.*: in particular, ar.u :tr..rc sc'.-r. • iV..i technology in rcr.crui, nay 
<■ i'e_ ir.t, t:.o industries ur.a s. .. *.' t:. economy -with which 

t.'.r.fc rs normally has deco rolat:. r.s. 
in-iiully of competent s nenui •••.. >. 
be* e .* ,vT<ut>„ inc^.udi' S,.r>< >u, - ■ ... 


fr. is t. in will be composed 

.vers tty and nay later 


ur 


tr.tre u;. 

WjVj .. 


w . . u ; w . 


Ltios ar.ci institutes 


bruftden the case cf the . ..burch is to be encouraged 

r.ca ns to ear.**::., too search for r_otic.il applications or. 
both a regional ar.d national Oasis. Furthers: re, the University will 
undertake to r.a ru tho re . . „\.i ar.u scientific community, as well as the 

industrial and business cetmuaities aware of r.ew opportunities for _ 

application .<af .specific ceveiopncr.tn sr~ryfcVssos~ stunning free, tho 
spuce program. 


.act Sterling 


V Sub S H . rt 0 0 0 
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Establishes Biomedical Instrumentation Lab 


The National Aeronautics and Space Admin- 
istration (NASA) has announced a $535,000 
grant to establish a biomedical instrumen- 
tation laboratory at the Medical Center. 

The new facilities will permit a fourfold 
expansion of research efforts at the Medi- 
cal School in the fields of space biology 
and biomedical instrumentation. Investi- 
gators hope to design devices which can de- 
tect life -- if any -- on Mars and other 
planets. They also anticipate that the 
techniques they develop may have broader 
applications in the fields of biology and 
medicine . 

Research in this field is already under 
way in the Medical School under a three- 
year $350,640 grant from NASA. It is being 
directed by Dr. Joshua Lederberg, executive 
head of the Department of Genetics. Asso- 
ciated with Dr. Lederberg and responsible 
for the instrumentation aspects of the pro- 
gram will be Dr. R. Elliott Levinthal, for- 
merly president of Levinthal Electronics 
Products, Inc., and now a research associ- 
ate in genetics . 

The biomedical laboratory will be located 
in the new $5.5 million Clinical Sciences 
Building, which is expected to be ready for 
occupancy in 1964. Instrumentation labora- 
tories and shops will be on the ground 
floor; biological applications will be 
studied on the third floor in an area adja- 
cent to the $1 million Lt . Joseph P. Ken- 
nedy, Jr., Laboratories for Molecular Medi- 
cine. 

The NASA-provided facilities will occupy 
approximately 10,000 square feet in the 
building. It is expected that cooperative 
research programs will be set up with other 
scientists throughout the Medical School. 

The grant is one of the first research 
facilities grants ever to be authorized by 
NASA. Other grams, announced simultane- 
ously in Washington, D.C., on Sept. 22, 
went to the University of California, 
(Continued on Page 2) 


Gordon P. Smith Elected President 
Of Hospital's Board of Directors 

Gordon P. Smith was elected president of 
the Hospital Center's Board of Directors at 
the Sept. 26 Board meeting, succeeding Wil- 
liam R. Hewlett, Board president since 
1958. 

Mr. Hewlett, executive vice president of 
Hewlett-Packard Co., Palo Alto electronics 
firm, declined reappointment because of the 
press of business activities. He had been 
a member of the Board since its inception 
in 1956. 

Mr. Smith, who was first appointed to the 
(Continued on Page 2) 
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Ol’TCOING PRESIDENT William R 
right, receives a farewell 
Cordon P. Smith, incoming pre 
the Hospital Board. Gift is 
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Hewlett , a Member Since 1956 , 
Is Replaced by H. Edwin Robison 

(Continued from Page 1) 
isard in 1960, was reappointed by the City 
Palo Alto for a three-year term ending 
_r. 1965. A management consultant, Mr. 

imith is a partner in the national firm of 
5:oz, Allen and Hamilton. He is the direc- 
::r of his firm's consulting operations 
-roughout the West in the fields of public 
li-inistrat ion, hospitals and medical cen- 
=:s, educational institutions, industrial 
envelopment and metropolitan area planning. 
P.obert H. Klein, who has been reappointed 
r a three-year term by Stanford Universi- 
ty, was elected vice president. Mrs. Ed- 
vard H. Heller, the first woman appointed 
:c the Board, now becomes the first woman 
fficer. She was elected secretary-treas- 


Stanford selected H. 



Edwin Robison to re- 
place Mr. Hew- 
lett. The direc- 
tor of the Eco- 
nomics Division 
at the Stanford 
Research Insti- 
tute, Mr. Robison 
holds a three- 
year appointment. 

Since joining 
SRI in 1953, Mr. 
Robison 


er b 

ber 


aged 

of 


..rch administration. 

economics consultant 
•j Legion of Merit with 
r his work in military government 


has been 
in a num- 
econcmics 
activities in- 
cluding area de- 
velopment, trans- 
portation, and 
industrial organ- 
ization studies, 
as well as re- 
He has served as 
in India and bolds 
Oak Leaf Cluster 
in Ja- 


Theodore X. Strong, representing Palo Al- 
, was reappointed for a three-year term. 
Stant ord ha^ not yet named the person to 
..teed James B. DePrau, who also resigned 
uuse of business acti’ities. 

At rho annual meeting of the owners held 
.r: before the Board meeting, Mr. Hewlett 

tised Mr. Duprau for his ran/ contrlbu- 
.'.".s during his six years on the Eoaru. 

Mr. Hewlett, Mr. Smith said: "Under 

stewardship we personally feel out- 
rding accompl isliment s have been made by 
_ Hospital Center." 


Laboratory Will Provide Space 
For Cooperative Research Study 

(Continued from Page l) 

Berkeley, University of Chicago, Rensselaer 
Polytechnic Institute and the State Univer- 
sity of Iowa. 

Dr. Levinthal said that it is important 
for a biomedical engineering program to be 
located within the Medical School. This is 
because staff members with technical compe- 
tence in the physical sciences must be on 
hand to accelerate the. response of biomedi- 
cal specialists to advances in physics and 
engineering . 

Close association between biomedical peo- 
ple and those in the physical sciences is 
necessary, he said, so that they can devel- 
op a common language and effectively ex- 
change ideas. And only with this associa- 
tion can physical scientists come to appre- 
ciate the functional subtleties and struc- 
tural complexities of living organisms. 

Promotion Announced for Simmons ; 
Jennison Is Appointed to Faculty 

Dr. F. Blair Simmons, instructor in sur- 
gery (otorhinolaryngology), has been pro- 
moted to assistant professor effective 
Sept. 1. 

Dr. Simmons, who first came to the Medi- 
cal School as a resident in 1959, was named 
instructor in January of this year. 

Dr. M. Harry Jennison has been named as- 
sistant professor of pediatrics. He was a 
clinical assistant professor in pediatrics, 
a physician with the Palo Alto Medical 
Clinic and school medical consultant for 
the Palo Alto Unified School District. 

Appointed visiting professor of virology 
in the Fleischmann Laboratories of Medical 
Sciences for the autumn quarter is Dr. Har- 
ry Rubin. He is professor of virology, 
University of California, Berkeley. 

A Doctor’s Dining Room Is Setup in Cafeteria 

A doctor's dining room of a modest sort 
was established in the Cafeteria on Sept. 
15. 

From noon to 1 p.in. each day the alcove 
near the main entrance will be set aside 
for physicians. 

I Unclassified Hi\ s- j 

FOR S.'LE: 1959 Morris Minor convertible; 
dependable, economical, about $50U. Owner 
going abroad. Call Susan Cibian, Exr . 
5039 from 9 A.M. to 5 P.M. 
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To 


Ftom 


Subject ; 




Datj: August 3, 1966 


Rob ere C. Llndce 

As*s’r Dean Medical Affairs 


Elliott C. Lcvinthal 
Genetics 


Fossible response to your memo of June 13, 1966, addressed to 
Dr. Joshua Lederberg concerning NASA-S tan ford basic agreement 


Prior to the move Into the new facilities, which has just recently 
taken place, we have taken some Initial steps to implement the 
requirements of the final paragraph ol the agreement. 


The first step in broadening the Interests of the scientific community 
In the problems of oiomedlcal Instrumentation ana space biology is to 
make then aware of the relevance ol this activity to their special 
academic disciplines. This approach has so far been very successful 
and has yielded some specific results. 


We initiated discussion wirh Professor Stryer of the Department of Bio- 
chemistry about our interest in fluorescent assays as functional tests 
for the presence of life on Mars. This in turn led to collaboration 
with him in instrumentation development for nanosecond phosphe rime try 
applied to problems of binding sites of myoglobin and hemoglobin. 

From this followed development work on a fluorgenlc substrate that 
could function for a broad array of cn7.)T.es and which would be applicable 
both to the problems of exobiology and terrestial biology. Professor 
Stryer is now a principal investigator under a separate grant with the 
OSSA. 


Our interests in application of mass spectrometry’ to space biology has 
Jed to collaboration with Professor Djcrassi of the Department of Chemistry 
and his work on the analysts of natural products. We have held meetings 
with virtually every mass spectrometer manufacturer to make them aware of 
the specific developments we have completed, the objectives of our program, 
and its relevance to future instrumentation of this kind for biology and 
exobiology. 


The group developing gas chromatograph resolving techniques to exploit the 
significance of optical activity as a sign of life has worked with the 
neurophysiologists to utilize the same techniques to elucidate problems 
in brain research. 


The NASA research group collaborated and supported the ■‘tachanical Resign 
division in developing their Interests in space technology. They new 
have established a direct relationship with Ames Research Center. 

/ 


< }p i. , _ 
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STANFORD UNIVERSITY • OFFICE MEMORANDUM • STANFORD UNIVERSITY • OlflCC MC/AOIIAUDUM 


Mr. Robert Lindee 


- 2 - 


August 3, 1906 


Stanford hosted the Exobiology Study initiated by the Space Science Board 
of the National Acacemy of Sciences at the request of NASA. This brought 
together scholars from all over the country to focus on the problems of 
biology and the exploration of Mars and resulted in the recent publication 
of a tvo volume report. 

The greatest commitment of the NASA supported research group Is to the 
development of computer managed instruments relevant to the Automated 
Biological Laboratory (ABL) for planetary exploration. This effort has 
been one of the major stimuli in the development of the ACME (Advanced 
Computers for Medical Research) program which has now received NIU funding. 

The NASA group served to aid existing computer users in the medical school, 
initiate new uses, and through its interaction with the Computer Science 
Department and their general interest in artificial intelligence promoted 
their specific interest in the problem of computer analysis of organic 
structures via mass spectra, an issue crucial to exobiology ir. particular 
and biology in general, and in time-shared computer systems for medical 
research. 

In developing the ACME program there has been a mutually beneficial dialogue 
with segments of industry important to space and computer technology. It 
has led specifically to IBM's development of equipment to interface 
efficiently between time-shared facilities and medical research activities. 

The following list of members of the ACME policy conmittce indicates the 
broadly based multidisciplinary team involved in this program. Because 
of this, its close connection with the NASA research activities and the 
interrelationship of computers to the next generation of biomedical 
instrumentation it is thought that this group could generate a specific 
proposal to NASA for further implementation of this aspect of the memorandum 
of understanding. , 

Dean Robert J. Glaser (ex-officio) 

Professor Lincoln Moses (Statistics and Preventive Medicine) 
Professor John V. Ecllvlllc (Anesthesia) 

Professor Lubert Jtryer (Biochemistry) 

Professor Keith Killan (Pharmacology) 

Professor Frank Morrell (Neurology) 

Professor Edward Feigcnbaum (Director, Stanford Computation 

Center) 

Professor Joshua Ledergerg (Cenotics), Chni rmnn 

ECL: Jd 



| 

I 

~*TTACHMENT24 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
VMSH'NCti/*, D.C. 20544 



IS R£PLV ?i!iH 70 


October 18, 1966 


Dean Joseph M. Pettit 
College of E jgineerir.g 
Stanford University 
Stanford, California 
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Dear Dean Pettit: 

The purposa of this letter is to let you knew some of the things vc would 
like to discuss during the visit of Mr. Webb and the other NASA represen- 
tatives and advisors to Stanford on Saturday, October 29, 1966. As I 
indicated on the 'phone, we expect to arrive at 10:50 a.n. and re-.ain 
through luncheon. 


The principal purpose of cur visit will be three-fold: 

a. To review the manner in which the University is 
implementing the Memorandums of Understanding which 
have been signed by ’’resident Sterling and Mr. Webb 
in connection with the research facilities grants; 

b. To explore the impact of NASA upon the activities of 
the university, and 

c. To exchange views on the role of the modern university 
in the space age. 


Of those three objectives the first and third arc probably the most 
important. We are interested in exploring the impact of NASA supported 
activities at the University but not ir. the context of detailed reviews 
of individual projects or programs unless tr.oy are activities that have 
been undertaken which might be considered specifically responsive to the 
first or third objective. Certainly we reel it important that a number of 
university people participating directly in NASA activities be included, 
but we are principally concerned with observing the impact that such 
studies ray ba having on the development of the University. We are 
particularly interested in learning of the University's response to the 
icons set forth in the Memorandum or Under- landing. In this lcgard I 
would like specifically to cite the last two paragraphs of the most recent 
Memorandum: 
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"The National Aeronautics anJ Space Administration is 
particularly desirous that the environment in which space 
research is conducted will be characterized by multidisci- 
plinary efforts which draw upon creative minds from various 
• branches of the sciences, technology, commerce and the arts. 

It is understood that Stanford will, in the expansion of the 
research program, continue to make every effort to bring all 
of the various applicable scientific ar.d engineering disciplines 
to bear on appropriate problems associated with the space 
effort. The Stanford Program will be carried out in close 
coordination with its companion effort in nodical instrumentation 
and space biology which las received substantial financial 
support from NASA as well as other space related work in progress 
or planned at the University. The research team will be composed 
of competent staff members of the University, expanded, as appro- 
priate, by the inclusion of scholars from other universities and 
institutes to broaden the base of the group. 

"In the prosecution of this program Stanford will undertake, in 
an energetic and organized manner, to explore mechanisms whereby 
the progress achieved in research may best be fed into the 
industries and segments of the economy (with which Stanford 
normally has close relations). Research is to be encouraged on 
ways ar.d means to expand the search for practical applications 
on both a regional and national basis. In particular, the 
University will undertake to acquaint the scientific community, 
as well as the industrial and business communities, with new 
opportunities for application of specific developments or 
processes stemming from the space program." 

Consideration of these questions naturally leads to the third purpose of our 
visit, namely the exchange of views on the role of the modern university in 
the space age. In view of the increasing role that science and technology 
are playing in our way of life and the potential contributions that they can 
make, there is a growing feeling in many quarters that the University should 
have an increasing role in interpreting science and technology for the 
common good. Since the space program is at the very cutting edge of science 
and technology, we arc interested in examining the university's ideas and 
views in this area. 


In summary 
program ur. 
years as c 
interested 


because of 
the wisdom 
e of the nat 
in examining 


the cor.mitr.u-nt of Stanford University to the space 
that has accumulated within the University over the 
ion’s outstanding educational institutions, we arc 
a number of rather broad issues, such as the growing 
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role of science and technology ana how to accomodate it in the modern 
university, the desirability of the multidisciplinary approach, ar.d the 
desirability of increasing university effectiveness in the area of public 
responsibility. While we would like to discuss these issues broadly, wc 
will, of course, have in nir.d the wore parochial interest of how to improvo 
government-university-industry teamwork and in particular, NASA-univcrsity 
teamwork. 


We regret that President Sterling and possibly yourself will be unable to 
participate in these discussions. We are looking forward to meeting with 
Drs. Tertian, Heffner, Lederberg, Rarabo, and Hoff, and other members of the 
faculty and administration who are not only interested but can contribute 
to the discussions. 


This year Mr. Webb has had a group 'needed by Dr. William Hagerty, President 
of the Drexel Institute of Technology ar.d a consultant to the Administrator, 
and comprised of Dr. Raymond Bisplir.ghorf, Special Assistant to the Admin- 
istrator, Mr. Brecr.e Kerr, Assistant Administrator for Policy Analysis and 
myself, visiting a selected group of institutions for similar discussions. 
Dr. Dael Wolf le. Executive Officer of the American Association for the 
Advancement of Science and consultant to the Administrator has accompanied 
this group. It is expected that all of this group, with the possible 
exception of Dr. Bisplinghoff, will accompany Mr. Webb on the visit to 
Stanford. 


Dr. Louis Mayo, Vice President for Advanced Policy Studies at the George 
Washington University, who is heading up the program of policy studies 
that has been initiated at G'. U under NASA sponsorship, will also be in the 
party. There also will be several other NASA personnel and consultants in 
the NASA party who will be or. the West Coast for the Berkeley activities, 
and it is possible that wc would like to bring one or more 01 these men 
over to Stanford on Saturday. In all I expect the NASA group may be as 
large as 10 or 12. 


I hope that this will be helpful to you in making the necessary arrange- 
ments for Mr. Webb's visit. I will keep you, or whoever will be in charge 
in your absence, advised of any changes in our plans. 


Sincerely yours, 



T.L.K.S.mu 1 1 
Director, 

Office of Gran ts 
ar.d Research Contracts 
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• "2 ajr ; planted-' to-; report cu-th#- ocecripli3h**nt3'iaftpe«ificcxaaa nt~ Stanford^ 

“University- School vgg,>Iedigln».’atncO'thft signing^ of -the Moaorand ra of fader- - • ;v 
jxta&din?! Detveeax UAHA>an4- Doivaraity Concerning.; actwarc Vyacilltle * Grants ? ;'*•.. 

J7aC(7) ; 2^1^ YwTlrill ; recall, that this asracncat-la insupport of • vor^p«rzor»tl 
^Tfn - £ h<r^aatrTJo^nta t i on Rosaareh Laboratory, which v»a formerly called the Medical 
Xnstrvsieatatica and Exobiology laboratories. . \ . ,V.-! . . 

On*. ©f'the acofc -apparent— *nd-nec*swry»--. : 5cc€cjpliabaent3 to data has- been'. -i *5.~£&si 
'ccmolation of . tk«-nev-$6-aillioa Clinical Sciencas Research Suildiag, in which 
'the Instrumentation Research Laboratory ia located;. -Dr,- Joshua Loderberg, 1958:>*« 

• ffiaa« oi the Ilobel ?ris*» in Mediaine and a Stanford University School of Medicine 
profasaor o* genetics and biology, plays a laacing role in tha successful function- 
ing ofvtho-nev research building*-. As Executive Eaad of tha DepartEcat^of Genetics, 
ha io-respcnaibl#.. for research programs in naaroblology, ' c^li geaatics ’^and bio-i 
Radical instrumentation. '-.Ha-ia also Director of th* Lt. Joseph ?. Kennedy, Jr.-V. 
Labtnratorics-^for Molecular Medicine, vbich ore-located in the research- building '' 

..and aro used by tho Dacarteenta of Genetics,- ?adiatrico, Gynecology- nadiObstetrica, 
and tha-'iivujfolosy" Division of tha Department of Medicine. --Dr. Ledarb«r3*o dual :: -: r 
directorship cakaa-posslhls the coordination. of- rha various research programs '• 

Aa^yoa know,: the^ 2A3A grant of $333,000.00 ia 19<U iaade .it poesible-to- expand ' 
'th*/Iaatrvoentation Research Laboratory;^. Dr. Zlliott C*- Levlnthnl, ‘a oenlor %■:•>:**? V 
research assoc Lata in tha Department of Ganatica, was appoiacad director of the 
laboratory. With this tejiroved facility, our scientists and tjedical students 
have beoa abl-a-to- purauo research in the fields of bictnodlcal • iaacnw.ontation and pro- 
blology with even, groatar KCnefitise- : : ■*' '' •- 

Aa anticipatod^- the ccnvuni ant- location of the liuitruocntatisn Risaarch Laboratory-^, 
ia roLaticn-to other cccrpus facilities ia pronotiag a dafiaits- iscroaae In cross-- 
fortiliaacloa of; ideas an<i research. ?or ex«-s9la r ‘Srt Loderbcrg and his associates 
in tha Department oc Genotica have bean inter tod in fluoraacent assays as functional 
taata for. tha praaoacc of. life. on Jbra. • Th.y discussed this interest -with members 
ox th* D?pa rtraent of Siocheraistry, aad jo a result, tho t'.-o dop^rtnonts collaborated 
in instru»avTication for naaoaecond.phcaphorirrjtry applied to problem* of binding 
sitai of isyoy,l.abia and hiac’globln. Thla collaboration led to d-r/clopuent work on a 
fluoroB«nic substrate that could function for a broad .array of ensyraes and could be 
applicable also, to problems of e?:oMolcgy and torrestri.il biology. Dr. Lubert 
3r.ryer, ssccciate professor of blocheaistry, is now a principal investigator under 
a separata grant fron tho Office of Up-ica Sciences and Applicaticna (CSSA), . 
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Thora ar a many other oxaoples of Intar-disclpliaary effort proving out of the 
iUJA 3r-iat. For axai apla, toe Department of Genetics is interested in the application 
si mass spectrometry to apace biology. Th »ir interest resulted in collaboration 
batvaoo the School cf Medicine's Department of Ganetica oml the Stanford University 
Department of Chemistry, with a nov emphasis being placed on the analysis of natural 
products being done by Dr. Carl Djsrassl, Stanford University professor of chemistry. 
.Taorssentutives of the two departments have met with virtually ovary ass* spectrometer 
canuxoetarer to infom them of tire specific developments, objectives and relevance - 
of the program to future instrumentation of this kind for exobiology and biology.. 

Tlie Fsstsur Probe, on experimental approach applicable to Voyager Hars raisjion, uses 
30s chromatograph resolving techniques to exploit the significance of optical activity 
ns .1 sign of life. The raseareh group developing this has worked with Stanford 
neurophysiologists and utilized the same techniques to elucidate problems in brain 
research. 

Cur 1LV3A research group, consist lag of approximately 25 people under Dr. Levlnthal's 
direction, has collaborated with and supported the Mechanical Design Division of the 
Stanford University Department of Mechanical Tagineering in developing their interests 
in specs technology. The Mechanical Design Division has now established a direct cud 
continuing relationship with Ames ReiO-ircii Cont&r. 

Ttia .grautesc, present ccxmltment of the NASA-supported research s rou ? 1® to the 
davslopment of cotiputar-inanagar instruments relevant to the Automated Biological 
Laboratory (A3L) for planetary exploration. This oiiort has been one of the major 
stimuli in the devaiopwomt of the Advanced Computer for Medical Llosearch (ACM2) 
pr03r.1t a which has now received National Institutes of Health (NIH) funding. The 
11A3A 'jroup aided exiacing ccaaputar users j. a the toeulcal .school to initiate new uses, 
and, through its interaction with the Computer Scianco Department and their general 
interest in artificial intelligence, promoted their specific interest in the problem 
of computer .-nnlysia of organic structures via class npeetr.i, an Issue crucial to 
exobiology in particular .iad biology in ganer.il, and in tLoe-sharsd computer system* 
for medical roeearen. 


There is also the anticipated reciprocal benefit— -the utilization of the AC IS 
I3M/360-W System in aiding the conception nod design of A3L mission*. This relates 
to che Instrumentation Research Laboratory's currant approach, which places greater 
caphasla on basic science and lass on 'specific hardware implementation. For example, 
.•jraatar efforts are being expended cn th* b.isla science of the Pisteur Probe and 
the biological .ipplieation of th* taennique* developed In connection with optical 
Isomerism. Ths Lamed Lite objectives os the Laboratory's raaeurch groups are to 
dusvenstrata the feasibility of a computer— unageJ laboratory In connection with its 
research in optical chemical specificity. T.si.i effort involves tho use of 0.19* 
spectrometry and 31s chromatography cs primary, but not exclusive model. 


The Space Jc lance board o? tha Motional Ac a d amy of Sciences, nt NASA's request, 
InltiatjJ sn Exobiology Study. This study */.*s under too chairmanship of De<in 
Colin 3. Fittandrlgh of r-rinceicon University and Che co-ch 1 i raa nsii 1 ? of Dv. I.aderber j 
Meetings vara held cn the Gt.mfor 1 University campus and .at Che Rockefeller Inatituts 
in Nov "ark. Mias* meetings be3.in in the ouiirier of l‘Jo4 and concluded with a session 
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in October, l'/o5. Tha vorkiag group accomplishing tha study consisted of 36 
people end represented a broad apse trj.ua of scientific interests. Their findings 
have hewn published in a two volume book. 

X should like to taka this opportunity to asprasa to you and your associate* our 
appreciation and gratitude for your suopore. Ihe resultu until now and the promise 
for the future ;:ir,ply Justify the important pert which NASA has had in making these 
possible. It is a part of which NASA caa be proud. 

In order to provide more insight into what we hive bean doing here at Stanford la 
the Inatrujr.ent.it ion Research Laboratory, I :<sti unclosing <« report of progress and a 
lint of publication*. The enclosures include the construction and financial report 
on tha Clinical .Sciences r.eeeareh Building; Tha Clinical Sciences Roaoarch Building 
brochure; tl*« Cctober, l^sS, issue of Stanford H. D. . t ai* risln*si*8 frc*n the Stanford 
lioiictl Center No vs bureau, li-.tsd Ssptwnber <1, 1962, January 23, iVfcA, January 24, 
1364, ti p.y 15, l:.*fe6, and May 5, four Medical Center Memos, dated March 23, 1962, 

October U>, 1 May 10, lybo, and Jura 10, 19S5; and a copy of the editorial 
oppi-nri n;» in the Jeptoxbnr .3, 1*366, iuaua of Madlc.il orld ;■»»* . 

Under sopants ccvar, I esa sending to you floor plans assrked to show the areas 
occupied by 1-IAdA ?nJ NIH in ths Clinical Scttmcea Research Building. These pi .ms 
inJJc-ita the Uaia ior -si location oi the costs. 

I .:ai sorry th*t you varo unrbla to attend tha i'or&al dedication ceremonies for the 
Clinic/*! Sciences Kesesvch building c:i liny . 6 , 1366. Cn this lr.poitnnt occasicn. 

Dr. Herbert ?.. l.onganecker, prasiJanc o!' T 6 liana University, clearly ...apbasised In 
hla speech on ’’Public ana Private Partnership for Medical i-’rogres*” the need for 
closer cooperation between privat* universities and sovernaenc agendas of which the 
NASA support at Stanford is a prime en.isapla. 

I hope th.;t you have ti<iw in the near future to visit Stanford 03 . -tin, ’no that you 
will give us tha opportunity of showing the Clinical Sciences R < 1 .- 1 *. iron Building and 
the Instrument it ion ITesesrch Laboratory to you. 

With bent wishes. 

Sincerely yours. 


J. S. Wallace Sterling 


bcc: Peter 5. Pratt 

John '. Clnrkin 
Hubert Heffner 
Joshua Loderbarg 
clliott C. Levinth.il w 
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AN INSTRUMENTAL I OH CRISIS IN BIOLOGY 


Physiologists, especially students of the nervous system, have a long 
history of involvement with electronic instrumentation, many of the 
primary signals being already in electrical form. Biochemistry has 
made much less effective use of such instrumentation - laboratories 
like Britton Chance's being quite exceptional. In consequence, we face 
some of the most profound issues of biology, in molecular biology the 
sensitive detection of macro-molecules, and the specification of their 
ultrastructure and metabolism, with tools that are astonishingly primi- 
tive by the standards of instrumentation available in other fields. 

This is especially true of the range of optical instruments, which are 
slow, imprecise and require inordinately large samples of material com- 
pared to some plausibly attainable possibilities. A second area of 
data processing in which a great burden of manual effort can be lifted 
is particle-counting which, in one form or another, is the fundamental 
measurement in many aspects of biology (especially microbiology, cytology). 

Finally, perhaps most exciting, an immense amount of information is still 
locked up in spectra (optical absorption, magnetic resonance, rotary 
dispersion, mass spectra) and similar fingerprints, which require the 
intensive development of the "man-computer symbiosis" for adequate reso- 
lution. While such successes as the structural analysis of myoglobin 
have had well-deserved attention, even they focus attention on the impor- 
tance of further instrumentation development to solve such problems on 
a broader scale (each one should not be a tour-de-force, at least not 
after the first one.) 

The inadequacy of current art in biochemical instrumentation was brought 
home to us in our efforts to meet the mission requirements of exobiolo- 
gical studies, but they are equally pertinent to present efforts in the 
terrestrial biochemical and microbiological laboratory, except of course 
we at least do have the traditional tools to work with meanwhile. We 
have been delighted at the opportunity created by NASA's programmatic 
and financial interest to try to contribute conjointly to exobiological 
and terrestrial needs in biological instrumentation. 

Over the past three years, we have gradually been organizing an instru- 
mentation p-oup within the Genetics Department. Under Dr. Levinthal's 
immediate direction, iLs scope can be indicated by a present staff of 
three additional electrical engineers, (I.. Hundley, H. Horn and N. Veizades), 
a physicist (M. Handel), and for the exobiological work, a biochemist, (Pr. 

E Shneour). Two or three additional appointments arc in prospect. 

Some ol the more directly mission-oriented work has been reasonably suc- 
cessful, for example the mechanical design an prototype construction of 
a "multivator", a compact laboratory for sampling and chemical analysis 
of Martini surface dust. On the other hand, as any experienced hand 
would have predicted, many of the "bright ideas" we have developed, either 
as requirements for instruments, or as their designs, have bogged down 
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when the construction and debugging of the devices took months instead 
of weeks. The worst result is perhaps the loss of interest In the 
original purpose of the design; the next worst is the reaction of 
hypercaution in deciding whether to go ahead with a given project. 

The Instrumentation Crisis is thus deepened by the lack of flexi- 
bility that these considerations imply, and the practical attitude 
of disdain for preoccupation with instrumentation displayed by most 
members of the biochemical scientific fraternity. 

Digital computation may help answer these needs in several ways. 
Precision can be improved in data-processing links as an inherent 
virtue of a digital system. Unfortunately the original data are 
generally in analog form, and the accuracy of analog-to-digital con- 
version will be a limiting factor. However, precision is also very 
often a signal- to-noise problem, and an ideal instrument should have 
the flexibility to allow accuracy to be purchased at the price of 
speed, in accordance with local needs - the memory capacity of the 
computer for averaging over time, and the use of correlation tech- 
niques to extract signals from noisy inputs, suggests the application 
of simple computer techniques to improve the utility (and to simplify 
the potential design) of such workaday instruments as the absorption 
spectrophotometer. Since many problems cannot escape the dilemma of 
requiring measurements of differences between larger values, this is 
no luxury. Probably more important is the construction of (at least) 
the prototypes of new instruments by programming a general-purpose 
computer to set up the control and signal-processing systems, instead 
of de novo construction. 

Further, mechanical corrections to maintain 1’nearity and stability 
play a large part in the design of most instruments - for example the 
slit-width control to maintain constant reference brightness with 
varying wavelength tn a spectrophotometer, or the slide-wire bridge 
to obtain an intensity ratio in its output recorder, and these gen- 
erally impose severe penalties in the complexity of design .as well 
as the accuracy of the instrument. A fairly small memory and com- 
puting element would replace most of these expedients. It is likely, 
but not certain, that the specialized training needed to make some 
intelligent use of programming in instrument design is less than needed 
for hardware construction, a feature that would make innovation more 
widely accessible to other biochemists in a university environment. 

The computer is, of course, a much more complicated instrument than 
any of these, but it is intrinsically more accurate; it has program- 
mable versatility, and most important it was designed and built once 
and for all. 

Finally the course of future developments certainly seems to call for 
the preeminence of digital (or mixed) computation, and the emergence 
of more and more compact and reasonably priced systems. 
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Wo have therefore determined to reorient our entire program towards 
the most efficient use of digital computers as on-line elements. 

Since our resources would still not justify capturing a larger mach- 
ine, our opportunity to proceed along these lines have only recently 
opened up through two possibilities: (1) a time-sharing system, and 

(2) the LINC. 

We do not know which of those affords the greater promise--probably 
each of them has a particular place, and we can hardly ignore the 
possibility of further interaction between them. Our special attri- 
butes for the evaluation of LINC then perhaps include (a) newcomers 
to extensive use of digital computation; we have no on-line experience 
at all, except insofar as some use of digital elements has appeared in 
our own instruments; (b) a team effort, intended to serve a variety of 
instrument needs, but with special emphasis on biochemical analysis 
(nucleic acids, proteins, enzyme assays); (c) a comparison of utility 
of LINC and of time-sharing in a variety of situations. 


The time-sharing system referred to is the special interest of Pro- 
fessor John McCarthy of the Stanford Faculty in Computer Sciences. Our 
laboratory will participate in a program he is designing to allow some 
few stations to share access to a FDP-1 computer, which will in turn be 
coupled to the IBM 7090 system now in operation. Hie FDP-1 is scheduled 
for delivery next month; within a few months thereafter we should have 
telephone or direct wire access to it from our own laboratory. The 
final configuration remains to be worked out; some buffering to miti- 
gate the disturbance of interrupts is intended to make the system useful 
on line. 

The current active projects reflect an over-conservative reaction to 
recent problems; I am, therefore, also appending a list of other items 
we would keenly like to be able to manage, and urgently hope to get into. 
Some tentative priority is given, but this will be tempered by the acqui- 
sition of some additional people, and by a reappraisal of the actual 
utility of LINC or the PDI’-l time-sharing arrangements in each case. 




t 
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CURRENT PROJECTS: ACTIVE CONSTRUCTION AND TESTING 

Some additional details are given in appended descriptions: 

Mul tivator . A device for the acquisition of samples of planetary 
dust, their distribution to individual compartments, programmed release 
of solvents and reagents, and the determination of enzymatic activity 
or growth by various photometric measurements (absorption, fluorescence, 
scattering, polarization, scintillation). 

Mark III incorporates a flying-spot scanner to identify local areas 
of enzymogenic fluorescence, the local illumination enhancing signal/ 
noise. The signal is expected to reflect localized incidence of 
microorganisms; the noise comes largely from the background fluor- 
escence of the soil sample eluate and from spontaneous degradation 
of the fluorogenic substrates (e.g. fluorescein phosphate). 

Videoscan Spectrometer . A fast scanning spectrophotometer based on the 
projection of a spectrogram on the target of a signal-storing image- forming 
television tube. This was primarily intended for microspcctrometry as a 
means of searching for microbes in soil; this application will require 
the delivery of newly developed, UV-sensitive video tubes to complement 
Zeiss ultrafluor optics obtained with Caspersson's cooperation. The 
basic system has been completed, and is being tested by being installed 
in a model E analytical ultracentrifuge to allow online reading of 
absorption profiles (hopefully also absorption spectra at each stratum) 
of DNA in the course of pycnographic fractionation. As these centrifuge 
runs may require two to several days, the accurate determination of the 
profiles online should greatly shorten machine time; ns the signals are 
already in electiical form, the computation of peaks, band decomposition, 
integration and linearity corrections, would all be facilitated. 

The same video system can be and has been used for more general purposes - 
mensitometry on photographic spectrograms, wherein it is being compared 
with flying-spot video. It i3 also being set up for simplified frame- 
differencing, to allow the discrimination of moving targets: in our 

application, the tracks of microbes with purposeful motion. Having spent 
some years in "human" microscopy of individual bacteria, in connection with 
the biochemical genetics of their flagella, 1 am looking forward to the 
possibility of computer-assisted analysis of this primitive behavior. 

The control system of the videoscan In a versatile one, especially to allow 
alternate scanning of a reference and sample field; then a line- interval 
delay allows the super Imposit Ion and comparison of snmplc/refercnce, giving 
an equivalent dual-beam mode. Plainly, most of this could have been quickly 
by-passed by exploiting a general purpose computer. 

Colons' Counter (fcoinncrntor) . The most tedious operation in bacterial 
genetics is counting colonies of plates. We inherited an Iconumerator (a 
flying-spot pulse analyzer) of Wo; Id War II vintage from the DuMont Laboratories 
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Colony Counter (cont ) 

and have been trying to make it work properly. This is difficult, pa 
from the limitations in its one-line logic. 

The most serlou. problca, is the renobility ^ resoletion^t ‘^deloy^^ 
line which stores information for common-mode rej 

a^second encounter with the seen beats. We hove been sp.cul.nng about a 

(a microbiological machine that disposes cne in c , . axis ) 

so that counting can be done by counting pulses along a single ). 

... _ Ti.if 4c an elementary combination of XY-pl.otter 

i = ;,r 

eX^ccideS and Polished absorption spectra, and far instructional 
purposes. 
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POTENTIAL PROJECTS: ACTIVE CONSIDERATION, especially for digital 

enhancement 


1. Precision Photometry ; laboratory measurements 

The straightforward enhancement of the performance of existing instruments 
and techniques may be the most elementary but rewarding application of 
computer techniques, using the principles already summarized. Spectro- 
photometry plays a key role in all our work on bacterial DNA; we would 
like to be able to measure more accurately in the range below o.l optical 
density unit. Even a very simple instrument in which reference information 
can be sampled and the signal time-averaged over some interval should be 
able to do this for us. 

An analogous statement can be made for spectrof luorometry. Further, 

Dr. Lubert Stryer is soon joining the Biochemistry Department, and is 
especially interested in cooperating here towards the development of new 
analytical techniques which require the utmost detectivity in fluorescence 
measurements . 

2. Depolarization of fluorescence ; measurement of relaxation times. 

One of the most promising simple mpthods for estimating molecular size of 
DNA and following it through thermal transitions is the measurement of 
relaxation times after electric orientation of the solution. For sensitive 
detection, we propose the use of fluors coupled to the polymer, and the 
use of polarized exciting light. 

As relaxation times of hundreds of microseconds are anticipated, the 
entire control and analysis program should be compatible with the LINC's 
capabilities. This approach may have special promise for the detection 
of macromolccules in complex solutions for exobiological purposes, among 
others . 

3. Optical rotatory dispersion plays a special role in long-range thinking 
about exobial detection for reasons we owe to Pasteur. Precision measure- 
ments, especially of highly absorbing materials like polynucleotides, are 
essentially a problem of extracting signal from noise. Our colleague. 
Professor Djerassi in the Chemistry Department, is especially interested 

in such instrumentation, and is a well-known authority on its utilization 
in chemical analysis, 

U. Microscan mss spectrometry . This is the most ambitious project 
but may be the most hopeful in meeting urgent requirements at the focus 
of several interests in the department; genetic chemistry, neurobiology, 
and exobiology. 

We propose to scan a specimen at (crude) electron microscope resolution 
with a high intensity beam along the lines of the electron probe micro- 
ar.ulyzer. However, the scanned spot would be volalalizcd and the gas 
fed to the beam of a fas', mass spectrometer (e.g. - the Bendix Time- 
of flight instrument) fer mass analysis. At low mass nuinbea, and with 
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various other tricks, it might be most useful to localize tritium at 
resolutions, perhaps even sensitivities, exceeding current auto- 
radiography, (The L1NC would play a special role in processing the 
spectral outputs for tape storage, selection and readback, either 
through the LINC or through another computer for even more detailed 
analysis. It could, of course, also furnish the principal control 
mechanisms.) 


5- Microfluorometry . Dr. Doris Rofman, in this laboratory, devised 
a method for the detection of enzyme activity not only for single 
bacteria, but even single enzyme molecules, based on the micro- 
fluorometry of fluorescein released from a galactoside conjugate. 

He has since moved to another laboratory in the area, but we are 
maintaining a close collaboration. Much of this work requires a 
very laborious sizing of microdrops under the microscope, and then 
a determination of f 1 uoreaconce, both of which should not be too difficult 
to instrument for mechanical operation. 

As the analytical technique is mainly based on Poisson statistics, 
a large number of drops must be analysed, not to infinitesimal pre- 
cision. This equipment would be of very great value to both of us in 
studying the role of DMA in instructing the cellular synthesis of 
enzymes . 





ADDENDUM 


F urther extensions of computer technique in human biology nnd genetics . 

In addition to laboratory experiments these studies ot e.: require the 
analysis of large volumes of vital statistics and similar data. The indispen- 
sability of computers in tabulating information from such files is of course 
well understood. However, there are serious problems in the accessibility of 
computed data in this area, Just as there are in experimental work. As 
important as are the obvious current applications of computers in data processing, 
we should not be content with the present system but work for more flexible 
means of experimental access to such data through "real time computation". 

The small computer, like the LINC, or the time-sharing system, furnishes 
an answer to this need. Very extensive data files (up to 300,000 tab cards) 
can be stored on a single reel of magnetic tape which need require no more than 
five minutes to pass through the computer. A flexible system would allow 
this to be done under direct manual control and with immediate console display 
of computation on these data files. In most applications, except those that 
involve very extensive sorting and resorting, the actual computing time in a 
large computer like the IBM 7090 is relatively short compared to the time 
required for the input-output processes. With the appropriate organization 
of the computer facility, it should therefore be entirely feasible for the 
investigator to deal directly with the large data file in real time, while 
his attention is still concentrated on the problem at hand and in the 
formulation of new hypotheses for prompt testing. Only in this way can we 
really make the most effective use of the combination of human ingenuity and 
constructive imagination and the computer's capacity to undertake a humanly 
impossible task of drudgery in computation. 

The most evident app] icr.tion of this approach in genetics should be in the 
analysis of vital statistics. Tn the experimental sciences the nearly analogous 
applications will involve searching through data accumulations like spectra 
and other physical properties, the experimenter forming generalizing 
hypothesis and using the computer to test them against the file. 

Experienced insight into the relative roles of the human and machine components 
of these systems should be invaluable in the further development of artificial 
intelligence, the programming of machines to simulate as far as possible those 
human cognative processes that wo can begin to understand. These generalizations 
of human intellectual capability, and their delegation to machines, continue to 
refine the strategic role of the human element and to give it increasing 
leverage in the solution of complex problems. 
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This is a proposal requesting a supplement of £132.000 covering the period 
April 1, 19o3 to March 31 » 196**, to our existing grant NsG 81-60. The 
purpose is to allow expansion of our exobiology activities and an orderly 
growth of the total instrumentation program to the level envisaged for the 
new laboratory space provided under the facilities grant NsG(F)-2. 

This is necessary to meet the pressing requirements of the exobiology program 
generated by the specific interest in 19^6 Mariner missions and is desirable 
for the general program, insuring a rapid utilization of the future laboratory 
space in the new Clinical Sciences building. It has been made possible by the 
Medical School making available 2000 square feet of additional net laboratory 
space for the activities of the laboratory, which is now named the Instrumenta- 
tion Research Laboratory. 

The present staff and facilities are completely engaged in work related to the 
exobiology program. It is particularly urgent that the instrumentation efforts 
related to Mariner missions be expanded as soon as possible. These efforts 
presently include collaboration with the Mechanical Engineering Department 
program under Professor Arnold, concerned with Multivator design and with the 
specific objective of a working model as soon as possible. In addition, in 
our own laboratories and shops, we are pursuing and wish to increase our efforts 
with regard to improved versions with higher sensitivities. In parallel with 
this is the development program, also in need of expansion, of biochemical 
assays to be carried out in the Multivator biochemical laboratory. 

This is in addition to the laboratory program related to later possible missions 
which will involve video capabilities and thus be concerned with microscopy 
and U.V. spectroscopy. 

Desides the laboratory program, we have started investigations into what 
might be termed theoretical exobiology. The initial efforts, which also need 
expansion, are to generate a matrix of signs of life of varying generality 
with regard to the postulates of the life system versus the degree of evolu- 
tionary development. The purpose here is to provide a critical basis for 
making a choice of life detection experiments and, hopefully, to generate new 
ideas for better experiments. 

During the past several months new opportunities have presented themselves 
at every level of present activities ns a result of a cooperative effort with 
the facilities and personnel of the Stanford Computation Center. We propose 
to enlarge this area of activity by the purchase of image-reading components 
for the time-shared PDP-1 computer to be installed. This will greatly enhance 
our ability to design possible imaging devices and to evaluate possibilities 
of logical analysis of video information. This purchase will, in addition to 
providing facilities specially suited to our needs, entitle the Instrumentation 
Laboratory to a year's time-shared use of the PDP-1 computer. For this purpose 
we are requesting £25,000, of which approximately £21,000 Is for the purchase 
of image reading components and £**,000 for programming and run time on the 
I DM 7090 system at the Stanford Computation Center. 

t. 
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Wo ore a l so planning to submit a proposal to the LINC Evaluation Board to 
Qua lify for the allocation of a UNC computer. The Instrumentation Labora- 
tory would then be in an unusual position to compare the eff JJ tlVC "“J ? 
these two concepts, time-sharing on a large computer system (the TOP- 1/7090 
complex) versus the full-time availability of a smaller one, the UNC, for 
t variety of problems in medical instrumentation, measurement and analysis, 
in view of the bandwidth limitations on the Mars-Earth channel .the importance 
„f attaching a large degree of dec. I si on-making computer capabi ity to the 
Unding missions for life-detection and 1 i fc-character i zat ion is self-evident. 


Professor John McCarthy of the Computer Sciences Department is particu ar y 
interested and experienced in such problems, and is cooperating with our 
investigation of them. 


Collaborative interaction of the Instrumentation Research Laboratory with other 

Medical School research has been initiated, resulting in the undi g 

than one program by another agency (NIH) and others under active d *^s.on. 

We are proposing to increase this role of laying the initial groundwork of 
cooperative activities which'will ultimately be a significant activity of this 

laboratory. 


We propose to increase our present level of expenditures starting inApr. I 
so that b- the end of December we will be operating on about a *27,000 mont y 
to carry out this program until March 31, 1964 will therefore require 
$03 000 in additional funds for the operating budget. In add i t i on , M meet 
the special requirements of model building related to the Nor mer mn ssons, we 
would^l i kc funds and the necessary authorization to purchase 000 worth 
machine tools. For the computer facilities and services d i 

require $25,000. Thus the total request for additional March* 10o7 

The program for the following three year period, extending to 3] March, ,7. 

is now being prepared and will shortly be submitted I { ' annum 
this program will involve an expenditure of approximately $ 500,000 per annum 
Ind wiH be compatible with the space provided by the NASA grant and the 
functional scope of the Instrumentation Research Laboratory program envisaged. 


This expansion will result in the following complement of senior staff for 
the laboratory by the end of the year: 




principal Investigator 
Program Director 
Engineering Group 


Professor J. Lederberg 
Dr. E. Lcvinthal 


Harrison Horn 
Lee Hur.dJoy 
Nicholas Veizades 


Biochemistry Group 


Dr. El ie Shncour 
Jerry Lundstrom 
< Position to be filled > 


Physics/Mat hematics Group 


Dr. M. Monde 1 
< Position to be filled > 
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Supplementary Budget 


Salaries 
Overhead (^3^) 
Payroll charges (7$) 


Suppl ies 

Machine Tools 

Computor Equipment 

Computer Services and Programming 

Total Supplement 


£ 52,000 

22,360 

3.6to 

£73,000 

14,000 
25,000 
21 ,000 
14,000 

s 132,000 
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Man is looking to other planets for the answer to the most 
fundamental and perplexing research problem of all: how did 
life begin? Stanford geneticists and engineers are working to- 
gether on one part of the search. They are experimenting with 
a life detection instrument which, landed 50 million miles away 
on Mars, could radio back evidence of microbial existence. 


In LIFE BEYOND THE EARTH 
Joshua Lederherg tells of the new science, 
exobiology. He pioneered the field 
and gave it its name. 

PAYLOAD TO MARS sets the matrix for 
space life missions. Elliott Levinthal -physicist 
who has become something of a chemist 
and biologist as well-is the author. 


THE MULTI VATOR (shown on the cover) 
is one choice of a detection system being 
developed in Stanford laboratories. 
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“THE INSISTENT QUESTION 


The B.oloc.ist is a homely and practical-minded person, 
who is little given to over-refined logic and debate, 
but much given to observation and experiment. 

Ilis laboratory tells him what a precarious and 
fragile thing life is, how material and condition-ruled 
and circumscribed a living creature is. 
but his wife and child and his own consciousness 
tell him much more, how immeasurably much more, 
there is in life than he learns in his laboratory. 

It is this extra-laboratory observation and realization 
of the possibilities and actualities of human life 
that make it, even to the biologist, the vivid, 
many-colored, suggestive, and thrilling thing it is-r- 
the thing so full of occasionally realized great 
moments and of glimpses of infinitely great possibilities, 
that sometimes it seems all mystery, all something more 
than of this world, and hence all something quite 
hopeless to study by the methods of his science, 
indeed quite hopeless even profitably to wonder about. 
Why not take it and make the most of it? 

And then comes the insistent question: 

Ah, how make the most of it? And he becomes again 
the patient, struggling student of biology, the student 
of the laws or conditions of life. 

Vkhnon L. Kellc r> -, 

Stanford Professor of Entomology, ISO- 1-1920, 
in The Allantic Monthly. June 1921. 
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T o the histoiuan looking backward from 
future time, this century will be memorable 
for a number of peaks in the evolution of 
human culture: the concentration of national 
power in global conflict, the shrinking of the 
globe by air transport and wireless communi- 
cation, the exploitation of nuclear energy, the 
technological revolution of computers and auto- 
mation, the reunification of the sciences, the un- 
raveling of the physical mechanism of life. All 
of these movements have a common focus in the 
exploration of space, the millionfold extension 
of human activity from the earth's crust to the 
reaches of the solar system. The same power 
and resources that can count down the survival 
of civilized man can also light his noblest aims. 
What do we seek in space? Not astronomical 


numbers. Emptiness multiplied is at most very 
little. The journey does give us two unique 
rewards: a perspective on our own planet and 
a prospect on other worlds. The first pioneering 
steps in space— the orbiting satellites that can 
analyze our atmosphere, show our weather, 
speed communications, help navigation, or warn 
of global dangers— are already doing their useful 
tasks and begin to show their merits in advanc- 
ing scientific knowledge of the earth. Now, as 
our vehicles become more powerful, we must 
measure our reach and attend to our objectives 
in exploring the other celestial bodies. Among 
these objectives, the study of life beyond the 
earth, which we term “exobiology," is the most 
subtle and demanding, for it insists: “Know 
thyself." 
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B iology lias experienced an amazing devel- 
opment as a scientific discipline, particu- 
larly in the biochemical understanding of 
the mechanism of life, lhit its domain has been 
limited to the thin shell of our own planet, to the 
way in which one spark of life has illuminated 
one speck in the cosmos. By contrast, the basic 
laws of physics are derived from the motion of 
the stars, and we know the scope of chemistry 
from spectral analysis of the light emitted by 
stars and galaxies at the boundaries of the ob- 
servable universe. Biology has no such grand 
system. There is perhaps only one principle 
which we can confidently expect to have univer- 
sal application. This is Darwin’s principle of evo- 
lution, the magnificent process which explains 
how the complexity of amoeba or the grandeur of 
Sequoia si mpervirens could have materialized. 

The evolution of life on Earth, we now know, 
occurred in three stages: 

Chcmogeny , the production of complex or- 
ganic compounds by a variety of nonreplicative 
mechanisms— the primitive aggregation of mat- 
ter, photochemistry of isolated atmospheres, 
thermal, inorganic-catalyzed, and spontaneous 
reactions of previously formed reagents. 

Biogeny, the replication of a specifically or- 
dered polymer (DNA) which specifies the se- 
quence of its own replicates, and of UNA and 
proteins, from which cells and organisms are 
fashioned. Random error in replication and nat- 
ural selection of the consequences result in the 
panoply of terrestrial life. 

Cognogeny, the evolution of the mechanisms 
of perception, computation, and symbolic ex- 
pression, which aic the unique conditions for in- 
terpersonal communication, so that, from this, 
tradition can accumulate. 

Despite their outward variety, the central 
components of all organisms are the same: their 
genetic material consists of nucleic acids, most 
of their structure consists of proteins. We are 
beginning to understand how the chemical prop- 
erties of these substances underlie their function 
in the cell. But all cells have the same general 
composition. The boiled-down residues of the 
beet muscle would be hard to tell from the mush- 
room sauce, the nucleus of the human nerve cell 
from the vims that might attack it. 

The conception of the central unity of terres- 
trial life has quickened the search for the origins 
of lilt*. If we knew how specific proteins and 


nucleic acids first appeared on the earth, wc 
would have most of what wc need to understand 
the further development of life. In the world 
now, proteins and nucleic acids are produced 
only as manifestations of life, as copies of what 
hail evolved before. But how did this come 
about spontaneously, without pre-existing cell or 
brain to guide it? Thirty years ago this was re- 
garded by some as a problem that might never 
be solved, as something beyond the reach of 
science. Today it leads to fundamental ques- 
tions of exobiology. Arc nucleic acids the only 
substances that can function in any heredity or 
are tlies merely the ones that the path of earthly 
life has encountered? Are proteins, chains of 
just 20 amino acids, the only way of building up 
cell structures, or the accidental result of early 
chemical evolution on earth? 

These questions might be answered in two 
ways. Presumptuous man might mimic primi- 
tive life by imitating Nature, furnishing substi- 
tute compounds. More humbly, he might ask 
Nature the outcome of its own experiments at 
life, as they might be manifest on other globes 
in the solar system. 

O f all the planetary conditions, the abun- 
dance of water may be the most pertinent 
condition for the distribution of life as it 
is on Earth, rill living cells contain far more 
water than any other component. Water plays 
many roles in the economy of the cell, but above 
all it is the indispensable solvent. The intricate 
work of the cell requires the ready intermingling 
of many kinds of molecules. This could only 
occur in solution, and, if not in water, the only 
obvious alternative, and only at very low tem- 
peratures, is ammonia or a similar liquefiable gas. 
Many other substances are vitally important to 
our own existence— for example, the oxygen in 
the air wc breathe. But our own dependence on 
air should not exaggerate the generality of its im- 
portance. The vegetable kingdom and many 
simpler animals can survive without an external 
supply of oxygen, and even quite complex forms 
of life should he able to thrive without it, though 
they might replace the more efficient burning of 
foodstuffs with fermentation. Poisonous gases, 
like formaldehyde or eai bon monoxide, in a plan- 
etars atmosphere might preclude human life, 
but man is not the measure of all things. 
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Showing opposite hemispheres 
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MARS IN 19-36 — Photographic images of Mars taken in different months 
with 60-inch Mt. Wilson telescope filtered to show the planet in red, 
orange, and blue light. The atmospheric haze in September has obscured 
much of the detail visible in August. Little but the polar cap, shown up- 
permost in each image, is visible in the bine light. (California liixtitutr 
of Technology-Sit. Wilson Observatory photograph) 


T ur. moon, Venus, Mars, and Jupiter ate the 
celestial bodies nearest Earth and almost 
certainly will be on the itinerary of space- 
craft in the decade ahead. Mercury is too close 
to the snn and Saturn, Uranus, Neptune, and 
Pluto too far from it to be on any early timetable. 

The moon is handiest, but we are already posi- 
tive that it is not quite large enough for its grav- 
ity to hold an atmosphere, and any free water on 
the surface would long since have evaporated in- 
to space. Some of these atoms will even have dis- 
tilled over to the earth. Wc should still expect 
some traces of ice on the moon— condense* I in 
sunless crevices— hut these cold spots make it 
even more certain that the surface has no water, 
as it has no air, no weather of any kind, no pres- 
ent life. The moon thus is a marvelous relic on 
which to trace the primeval formation of the 
solar system. Its features have not been subject- 
ed to the continual metamorphosis we see on 

PLUTO orU'ilNAL 

■ J 4CC0/ 1 OF FOOR 


weather-beaten Earth, and it is a target for the 
relentless impact of meteorites, particles ranging 
in size from single atoms to small planetoids or- 
biting in space until they happen to collide witl 
the moon or a planet or arc drawn into the sun. 
These meteorites have rained on its surface for a 
billion years unhindered by the atmosphere that 
fires their passage to the earth. The fossil moon 
therefore has its own sediments, a timeless record 
of cosmic history in the accumulated deposits of 
these materials collected from interplanetary 
space. 

It would be of exceptional interest for cosmic 
biology to know whether meteoiites can bridge 
the void from one planet to another. The moon’s 
surface is almost the only place where we might 
find direct evidence of such an outflow from the 
earth. If the traces can be proven on the inoon, 
we then could calculate that all the planets had 
interchanged fragments, perhaps even planetary 
systems of one star with another. This inter- 
change would be much less than between the 
earth and its moon, and we might have no hope 
of finding direct evidence of it. But the arrival, 
just once in geological time, of a s’ngle fragment 
bearing a living spore would have immense po- 
tentialities for the future of a planet. The origi- 
nal purity o' the moon’s surface is thus an im- 
portant scientific asset that should be conserved 
until we can plan our search for earthly traces 
on it. 

T he brilliance of Venus in our sky is due 
not only to its relative nearness and large- 
ness, but also to the high reflectivity of 
layers of clouds which completely envelop it and 
which have, so far, prevented astronomers from 
seeing any of its surface details. Scientists had 
speculated that the surface might be relatively 
dark and cold, despite the closeness of the sun, 
because of the cloud shield. Now it is known that 
tin* surface is hot, attributable to the “greenhouse 
effect’’ of the high content of carbon dioxide in 
tlu- atmosplu-rc. Measurements by radiation 
methods indicate a surface temperature of about 
400 F., and data gathered in the 1962 Mariner 
fly-by may raise this estimate beyond 60U 5 F.— a 
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sizzling oven in which neither liquid water nor 
typical organic molecules could long sun iy ■ 

If these measurements were confirmed b> 
direct access of experimental instruments « ie., 
a thermometer) we would have no basis for - pur- 
suing a search for life in familiar form. But. wink 
it is hard to doubt the indicates, temperatures 
it is less certain where they occur Most of he 
moisture on the planet will be found m its higher 
atmosphere, where more moderate temperatures 
also prevail. Perhaps, then, the place to look 
for any life on Venus is not on its scaring surface 
imt In the clo,.ds; in any case we must know 
much move about Venus’s upper atmaspbere be- 
fore we start taxing its real estate. It 1 * tine. In 
vv.v of 111 do"v that our own atmosphere bears 
rSrmi Of Wc-tlje Ur* 

and! <ootc povtinootly, a wide v.ri ; -ly u, y,Ro- 
table and microbial spores-tnough we doul 
that any forms live out their full cycles in the air. 

M mis. being somewhat farther from the 
' sun. may have a temperature regime 
slightly chillier than Earths but rt 
might likewise have retained a larger fraction 
of water and oilier imporlanl volatile mat".a ■ 
<„, the other hand. Man l»> only .bo" a u 
of Firth’: gravity and has been able to retain 
onlv a thin atmosphere, most of the lighter gases 
already l,avin B e S ea,nxl. Mini rf 

compared to our own atmosphere at a height c l 
•it least -10.000 feet. This is far too thin for limna 1 
breath but enough to give the planet a turhulen 
weather, judging from the massive- dust ^nns 
which have been seen through our tJiscopts 
We still know relatively little of the ehetiuca 


Human* prohabl) do nut ex.s on any P^‘ 

O.jn Earth, hut soin.-wlu-rp tn the vastm s* vl tin »h»* 
shtn then* mint 1«* a key t» the beR.nmng of all Me. 
Larue numbers indicate distance from the svm niiiu 
huns of ....lev, small nomhers. diameter in Earth di- 


composition of this thin atmosphere. Ofthe^ 
mill on-odd miles to tin* planet. llu ' °° 

-Filth’s atmosphere above the telescope-give 
Iro'd'lv. Tl.r only gas of wide . wr 
have any definite knowledge in the Mars atmov 
X« is carbon dioxide; it is generally inferred 
that there is very little, if any, oxygen or water 
vmor and that nitrogen makes up the main bulk 
of the gas. As a place for human habitation, even 
Mnlorrtiou Mars would be considerably less 
congenial to human access and modification than 
X bottom of our oceans. But it is the abun- 
dance of water that must dominate our esalua 
Uon of the planet as a home for adaptable forms 

° f \Vhat then of water? Spectrograms have given 
direct evidence of only traces of it m the Mars 
atmosphere, and we cannot find seas of liquid 
water on the surface, hut the frost is there to see 
as polar caps which wax and wane during the 
local winter and summer. The details t i 
weather circulation, how much water may be 
trapped in the soil of the temperate zones, are the 
So tlw Martian mystery. Many astronomers 
have commented on the changing extent and 
color of dark patches that appear in these zones 
and particularly behind the receding polar caps 
in spring These observations reminiscent of a 
vegetation cycle, have been Witter*! by Smton s 
spectroscopic measurements through ti t l aim 
mar telescope; the infrared color of the dark 
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patches corresponds to that of a layer of organic 
material, hut this still leaves some doubts. Car- 
bonaceous colors could mean life, but could also 
come from some inanimate process. Dollfus has 
seen the granularity of the Mars surface change 
with the seasons, also just as if this were the 
growth and decay of small plants. Taken to 
ge'her, these studies give little encouragement 
for the development of a Martian litc as rich as 
Earth’s, hut they do not nde out a marginal bi- 
ology whose urgent need is the finding and re- 
tention of water. 

J i'I’iteii, a formidable 4S3 million miles from, 
the sun, is a cold planet. Its chemistry is 
altogether unlike that of the group o! rocky 
( planets we have just discussed— the earth and its 

I neighbors have only the dregs of the volatile 

material which comprises most of the universe, 

I most of this having been distilled off by the sun s 

energy. Jupiter is immensely larger than Earth, 
but its specific gravity is very low and it must be 
composed mainly of condensed liquors and ices 
of compounds of hydrogen, oxygen, carbon, and 
nitrogen. These substances are the very raw ma- 
terial of the evolution of life, on the one hand, 
and of the evolution of the uui\ erse, on the other. 

It will take some presumption to plan the 
direct approach to this huge and mysterious 
planet. Its gravity, three times that of Earth, 
must he resisted by the landing vehicle. 1 lie low 
density of the surface malcri t! will call for bulky, 
buoyant structures. The depth of the atmos- 
phere and the violence of its electrical storms 
(already heard in our radio receivers ) will com- 
plicate the task of communication which dis- 
tance already makes difficult. 

The moon, Venus, Mars, and Jupiter— these 


make up Earth’s "front yard' in the solar system 
( with human arrogance or humor, wo call this 
neighborhood “outer space"). Of these globes 
Mars presents the highest probability of sustain- 
ing forms of life comparable in any way to those 
sve recognize on Earth, and it is therefore the 
primary target of our research in exobiology. 

For the near future, the exobiologist or his 
agent cannot lift his own fragile, demanding 
hods very far from home. But unmanned ve- 
hicles base three important purposes: They can 
lift telescopes into orbit past the inurkiness of 
our atmosphere; they can cam’ instruments to 
the planets for radio communication hack to 
Earth; they might bring hack samples for de- 
tailed study in our own labor atories, although it 
may take another decade to build the staged 
rockets needed to return even a minute sample 
from Mars. 

Moving a telescope outside our atmosphere 
gives larger advantages than might be sup- 
posed for a journey of ottly a few hundred miles. 
Different gases, oxygen, carbon dioxide, water 
vapor, which arc so important in the analysis 
of planetary atmospheres for signs of earthly 
life, base characteristic colors in ultraviolet and 
infrared light; these are largely confused by 
the Earth gases through which our present tele- 
scopes must look. A vantage point in space 
would also improve the performance of the tele- 
scope in observing small details which are now 
obscured by the shimmering of our air. 

r i Am: iMiait'srof the exobiology research lab- 

I oratory at Stanford is focused on the de- 
tection of life by means of radio signals to 
l»e returned from an instrument packet landed 
on Mars. Given our exquisite ignorance of the 



Tomh'a Ijcnnuirnc i« a man of many 
»* minds— all creative llis pioneering 
studies in the sexual lecumbination of 
bacterial cells won him the Nobel Prize 
m IDjS Lately he has branched into an- 
other field. For this one he has coined the 
name “euphonies." It foresees the control 
of human development tluough disco* • 
eries recently made or anticipated it* 
molecular biology. Between the two lie 
launched exobiology, and in it lie finds 
a common strand for all < I hi* work and, 
in fart, for all of hiologv and inedieiur — 
became the discovery of hie on other 
planets would provide a fic-di. unique ap- 
proach to contemporary theory on tin* 
origin of all life. 

Born in Montclair. New J» rs« \ . in lD2o. 


the son of a rabbi, Joshua Lcdctbcrg 
graduated from Columbia at ID. After 
two years as a medical student, hr' shifted 
to biology and obtained his I’h.D. a year 
later at Yale under the future Nobelixt. 
Edw ard 1-iwtie Tatum. H<- and another 
Tatum assistant. IMlret M /iintner. were 
married in ID 10 and they continue as 
research partners. He is a stimulating 
conversationalist, interested in music, 
lumks, and Ins garden. 

Dr. l.cdcibr rg taught 12 years at \\ is- 
cousin lief ore coming to the Stanford 
School of Medicine in 1D39. lie is head 
of the Department of C< iretics and direc- 
tor of the I.t Joseph Kenneth Jr. 
Laboratories for Molecular Medicine, lie 
is a member of the National Academy 
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teiTitory, how do we know what to look for and 
what tests and questions to build into our appa- 
ratus? The answer is that we don’t, really; but 
this uncertainty provokes humility, not paralysis. 
In the first place, with the weight limitations in 
rocket payloads leaving us little room to mount 
a trap for bear, we shall content ourselves with 
examining a pinch of dust for microorganisms. 
Presumably we shall find them, if there is any 
life at all on Mars. At least, microbes are found 
everywhere on Earth— truly in all the air, waters, 
and soil. 

What information shall we seek? We want to 
know if life on Mars has evolved in the same 
fashion as our own, how fast has it evolved, at 
what point might it have diverged from our pat- 
tern. We can predict with almost absolute cer- 
tainty that Mars has achieved the chemogenic 
stage. Simple laws of physics and chemistry tell 
us that the presence of certain aggregates of 
atoms indicate there must be carbon on Mars. 
This is an a priori statement we can make with- 
out benefit of spectroscopic observation. We 
cannot know if the biogenic stage has been 
reached. As a matter of fact, we don’t have a 
clear enough picture of terrestrial evolution to 
say that the earth moved from chemogenv to 
biogeny two billion years ago, or a half billion 
years earlier or later. And, of course, we cannot 
be sure that Martian life has not moved into cog- 
nogeny. Again, it is very difficult to predict how 
long it would take for a biogenic system to ma- 
ture its information-handling capabilities into a 
coguugenic existence. We cannot discount this 
point; we have to include in our investigations 
not only inquiries as to whether or not intelligent 
life exists on Mars, but also whether or not it has 
been and gone. 

Within this framework we can pose a series 
of rather explicit questions. Wc have converted 
a bewildering multidimensional state of possi- 
bilities into a reasonably linear array along which 
we can step up or down to find reasonable prob- 
abilities. 

In our laboratory we arc placing special em- 
phasis on the detection of nucleic acids and pro- 
teins— the very complex molecules which are 
present in all forms of terrestrial life. We believe 
that the most important aspect of the study of 
extraterrestrial life is the possibility of learning 
in how many different ways life can evolve. 
Whether or not forms of life could be based on 



The Mariner II gathered valuable data in a Venus fly-by 
mission in December 1962. (California Institute of Tech- 
nology-Jet Propulsion Laboratory photograph) 


substances other than nucleic acids or proteins 


or on related analogues of these substances is 
one of the most fundamental challenges to bio- 
logical theory. 


I would only add, in conclusion, that it would 
be difficult to point to any practical fruits 
of our research— the sooner or laler return of 


dollars and cents or gadgetry— although I think 
there will be some. As science becomes techni- 
cally more complex and expensive, it must de- 
pend increasingly on the generosity of society. 
It would be tragic for both if obvious yield domi- 
nated the scientific quest; this would stultify 
science and would provide answers only to the 
problems that are already half-solved for our 
knowing how to ask the questions. 

Expeditions beyond the earth may be among 
the most costly experiments so far undertaken, 
but they should warrant their cost as one of the 
very aims of the human adventure. Dante wrote 


of how Ulysses exhorted his companions to join 
his heroic journey on the great ocean: “Remem- 
ber the seeds of your being: You were not made 
to live like beasts but to seek the fulfillment of 
virtue and understanding.’ * This spirit of the 
first explorer of the western tradition moves us 
today. 8 


* This unforgettable passage (Inferno. 26) -"Consid- 
erate la vostra semenza: Patti non fosti a titer come 
bruti nta per seguir virtntr c cowscenza - is not well 
rendered in English. 
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or sixer. I Nuw in ami before liim l aipcrnictis -lias sci- 
ence had tlu* oppoitunitv lor so ipvat an impact on 
man’s imderstaiuliug ol man 1 Ins is tlu* evaluation 
of tlu* search for extratcrresliial life made l*y tin* National 
Aeronautics ami Space Administration in its i event A het it’ir 
(»/ S/m iv Hrst'arch It i' a position which lias been taken as 
xxcll | >\ mam scientists in their studies of the nations space 
effoi ts. 

This interest has ;.;i\en exobiology a high prioiilx on plane- 
tary missions, The requirements ol these missions haxe 
grcatlx stimulated the interaction of the ongincoimg aid bin 
logical sciences, \ iekling dix Mends to teireslnnl biology and 
medicine. Such interactions are pait of the NASA supported 
piogiam of the Genetics Oep.utinent Instrumentation He- 
seau h l.aooratoix in the Seliool of Medicine, in addition to 
the iiistiumentulion speeilieally for M.utian exploiatum 
The mstunnent xxc are designing for the c.uhest missions 
must collect and anah /<• a fexx grams of M.utian soil or dust 
for signs of miciohial life, the specific identifying properties 
ol which aie, of course, picsenth unknown 

The i exults of the anah sis must be in such lours that they 
can be i.idioed, with xnx little power, AO million miles b.nh 
to T.arth 

The instiumeiit must be small, weighing hut a few pounds, 
yet be nigged enough to withstand the impact ol landing 
through a thin atmosphere, in high \ dot it i winds, on an 
unhtiow u sm hu e. 

It must withstand sterilization pieleiahh by heating to 
l TV (1 Ini ‘.'l horns and lum lion i drably altei lying dor 
mant lot six months of space llight 

And xxc must keep in mind constantly that the constraints 


Till-: MARK ll Ml’LTlVATOU is 
an instrument for chemically ana 
ly/ing a puff of M.utian dust to sr. 
if it harbors microbial life. T* 
package is iiist under 1 1 1 iuclies Ion., 
and g!» inches in diameter. Its pies 
cut xx eight of 30 ounces could be 
pareil to meet llight conditions, but 
nclu.iUv. this little Mnltivator will 
never liy. It is a bench model, a 
feasibility study to test thetunctic 
ing of its innards. On a flyable 
iiuidel. for instance, the folding legs 
would be equipped xxitb an actual 
ing devu e to bring the Multivatoi 
uptight on tfie surface ol M.ik \ud 
in the real thing an nmbihe.il cord 
would connect to a radio Irat* 
inittei in the space capsule xxhii.li 
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of the first mission to Mars are not yet known. 
Our designs must be readily adaptable to 
changes of many kinds before the payload is 
finally planned. 

The first instrument— we call it a Multivator— 
being dev eloped at Stanford does not yet meet 
all of these criteria, but we have gone far enough 
‘.o believe that it can meet them all. There is a 
good chance that if a Mariner lands the first 
capsule on Mars in 1967 a Multivator will be 
aboard. 

Missions to Mars must be carried out when 
that planet and Earth, in their orbits, are closest 
together. This situation occurs approximately 
every 7S0 days, and the experimental opportu- 
nities presently being discussed under the NASA 
programs are the six oppositions starting with 
March 1965 and ending December 1975. The 
first two are identified as Mariner missions and 
the last four as Voyager missions. They encom- 
pass possible instrument weights ranging from 
pounds to hundreds of pounds and radio links 
with information-carrying capacities varying 
from a fraction of a bit/sec to thousands of hits/ 
sec (at best a very restricted capacity, since 
standard telephone channels require thousands 
of bits/sec and television channels millions of 
bits/sec). 




The real experimental heart of the Multivator, 
the part which is being intensively researched 
at Stanford, is the wheel of 15 reaction cham- 
bers and the connected test assembly which rest 
on top of the large photomultiplier tube. 

We would like to use the knowledge acquired 
in one mission to determine the experiments in 
the next, but, since about two years separate 
oppositions, and the travel time is about six 
months, only IS months remain to change plans. 
In the time scale of space missions this is very 
short. That is why we must look at the six mis- 
sions in ten years as one large experiment and 
design a series of instruments and components 
which can he used as modules in different com- 
binations and permutations'based on the latest 
information Modular design may cause some 
sacrifice on one particular mission, but we must 
accept this in order to have the inherent flexi- 
bility required by today’s space science. 

r^a^m; Multivatoii’s mission (and, of course, 
B it would be only one of many instruments 
-**"■ in the payload) is to discover the history 
and present stage of Martian evolutionary de- 
velopment. Wc are particularly interested to 


Mars spacecraft transfer orbit. 
lui't In/ let Pro/mUion Lab >ratory 
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THIS FLOW CIIAHT shows how Nl.uk II operates. riust or 
so:l is picked up from the surface of the pl.tuet In .1 device that 
resembles a little vacuum cleaner. It is filtered to retain only 
small particles and blown as an aerosol into the reaction cham- 
ber. The dust is extracted by a sticky coating on the chamber 
nails and the air is exhausted through a port. The air inlet and 
outlet are then sealed by valves (A and 1*). The solvent clum- 
ber valve (Cl) then opens and the solvent, probable water, is 
injected into the reaction chamber and the chemically reactive 
materials (called substrates), which were pro-stored c!r\ in the 
chambt r, arc dissolved. The mixture is subjected to light from 
an excitation lamp. If the inicrnnrr.anisins aie present in the 
dust, the light changes ax a result of either fluorescence or ah 
sorption due to 1 heniieal changes, or of light si atti ring due to 
an increasing number of microorganisms The change in light 
is detected by the photomultiplier tube*. 1 lux information ix re- 
duced to digital form and transmitted luck to K.ntli Mark 11 
has fifteen of these reaction chandlers, arranged in .1 circle. 
One photomultiplier reading per chamhei every la minutes is 
planned Hirer of the fifteen chambers are blank— that is. tbev 
do not have inlet passages delivering Martian dust These are 
designed for control tests to cheek the condition of the solvent 
and reactive materials after tliev have been subjec ted to the 
lotig space voyage and Martian env iionmeiit. 


know t! life on Mars lias experienced biogenic 
ni cognogenic stages and if there have been any 
div ergences from terrestrial experience. Even a 
sterile Mars, if it yielded historic traces of un- 
successful trials at life, would be extremely im- 
portant in the study of life and its origins. 

It is useful to distinguish between search and 
analysis. The earliest phase of the experiment 
looks primarily for signs of life. Having found 
such indicators, we use the knowledge acquired 
to ask more and more penetrating questions 
about its nature. This search-analysis dichotomy 
is sometimes obscured by a desire to combine 
the two steps into one experiment. This de- 
mands an experiment that is at the same time 
completely general and yet sufficiently rich in 
analytical details to give an unambiguously in- 
terpretable answer. The combined goal is sought 
not only because the prize of definitive proof of 
the existence of life elsewhere is so great, but 
also because of the possibility that, despite steri- 
lization precautions, our capsule may contami- 
nate the surface it lands on. This latter concern 
•puts a high premium on the first-landed capsule 
giving an unequivocal answer. It also supports 
the conclusion that the first capsule should not 
be landed until fly-by missions have narrowed 
the matrix of possible chemical and biological 
properties that must be analyzed. 

One of the assays we are considering for the ' 
first Multivator mission is aimed at detecting 
the enzyme phosphatase. We chose phosphatase 
because it is widespread— possibly ubiquitous— 
among terrestrial organisms; it catalyzes a wide 
range of reactions so that our choice of a sub- 
strate (the chemically reactive material to be 
stored in the Multivator’s reaction chamber) is 
less risky; it is involved with the unique role of 
phosphorus in metabolism and energy transfer, 
which may very well be a universal characteris- 
tic of carbon-based aqueous living systems; and 
it can be detected with relatively high sensi- 
tivity To detect this enzyme we use a substrate 
which does not fluoresce when excited by the 
light source. The phosphatase enzyme, if present 
in the dust sample, would interact very rapidly 
with this substrate. The products of tins bio- 
chemical reaction do fluoresce ; that is, they scat- 
ter light at a colot dillerent from that with which 
they have been excited. I bis fluorescent light is 
detected by the photomultiplier. 

We have set as a goal the ability to measure 
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ELLIOTT LEVINTHAL-Program Director 
of Exobiolog) and Instrumentation Research 
Laboratory, Department of Genetics; took B.A. 
at Columbia, 1942, and M.S. at MIT, 1013, 
then worked for Sperry Gyroscope, received 
Ph.D. at Stanford in nuclear physics, 1910, was 
research director for Varian Associates; formed 
his own electronics company in 1953; informal 
discussions with Dr. Lederbcrg led to his 
joining the Genetics Department in 1961, 
broadening his field from electronics and physics 
into chemistry and biology. 


PETER Z. BULKELEY— Assistant Professor 
of Mechanical Engineering and Acting Director 
of Design Division; a third generation Stanford 
man who took degrees at Bowdcin and MIT 
before returning to the Farm to earn his Ph.D. 
in Engineering Mechanics in 1962; specialist 
in analytical design of machine elements. 


EXOBIOLOGY AT STANFORD 


Within a fexv weeks after he became head of the 
Stanford Genetics Department in 1959, Joshua Led- 
erberg established a research program in the search for 
extraterrestrial life. In January 1991 he delivered a land- 
mark paper at the First International Space Science Sym- 
posium in Nice, France, bringing into general usage his 


in five years had brought the Design Division to a sig- 
nificant place in the School of Engineering, died of a 
heart attack in Italy last September. Peter Z. Bulkeley, 
already involved in miniaturization aspects of the Multi- 
vator project, became acting head of the Division. All 
of the work is supported by NASA— in the Genetics De- 





partment directly and in tlic Design Division through Jet 
Propulsion Laboratory in Pasadena. The instrumentation 
Research Laboratory was organized as part of the Genet- 
ics Department to carry out exobiology research. The 
laboratory is also applying the talents, facilities, and re- 
search of its space program to other areas in biology, 
some of which are of interdepartmental interest. 


name for the field— “exobiology." About a year ago the 
Genetics Department and the Mechanical Engineering 
Department teamed up when the latter’s Design Divi- 
sion, under the leadership of the late John E. Arnold, un- 
dertook a hardware design program for the Mark 11 Mul- 
tivator and which will he directed also toward the Mark 
111, the scanner-type instrument. Professor Arnold, who 


JOHN' M. LESLIE— Lecturer in Design and 
head of Multivator Project in Design Division, 
Department of Mechanical Engineering; 
UC-Berkeley bachelor in electrical engineering, 
1949; joined Ampex Corp. in 1950; long-felt 
interest in teaching led him to resign in l'JG2 
as Ampex vice-president and general m u.ager 
of Ampex Military Products Co. to come to 
Stanford for master's degree in Meehanicul 
Engineering; now studying for Engineer degree, 
teaching, and engaged in design research. 


L LEE HUNDLEY— Electrical Engineer, 
Exobiology ami Instrumentation Research 
Laboratory, I >i paitim-nt of Genetics; received 
bachelor’s degree in electrical engineering 
at Southern Methodist University, I960; took 
graduate study and worked in medical 
instrnment.it ion at Southwestern Medical 
Center of I'niwrsity of Texas, Dallas; joined 
Genetics Department in 1961. 
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incidences us low us 1(H) to 1,000 bacteria in 
samples of 1 to 10 milligrams of Martian soil 
We have not yet reached tins goal. 1 he limi- 
tation does not seem to be the sensitivity of 
the assays themselves, hut rather the chemical 
"noise” introduced when nonhiological changes 
of the substrate give false signals of the same 
kind we are trying to observe. A new technique 
is being tested. The soil particles are more or 
less evenly distributed over the surface of a sub- 
stance, such as a gel. which contains the sub- 
strate. A spot seamier will then explore the sur- 
face for concentrations of fluorescent rear lion 
products in the vicinity of microbial colonies, 
caused by the interaction of their enzymes with 
the substrate. The effective local concentration 
of the biological reaction products helps us to 
distinguish their signal from other chemical 
changes that occur throughout the whole sub- 
strate. 

B ut Mui.tivatoh’s design philosophy is not 
tied to a particular assay, and scientists 
in laboratories other than our own could 
design experiments for it to carry out. Ihis 
diversification is important because there can 


never be a single, definitive detection experi- 
ment which will cover all possible manifesta- 
tions of life. Our laboratory looks forward to 
these cooperative possibilities and intends to 
explore them. 

For later missions, we can contemplate the 
possibility of actually observing Martian micro- 
bial life by means of a microscope which would 
transmit a video signal to receiving screens on 
Earth. Such a system, as well as methods of in- 
terpreting the visual data received, is being de- 
veloped in our laboratory on a long-range basis; 
because of weight, it could not he used at least 
until the Voyager missions. And still further 
ahead, probably not until succeeding decades, 
Earth-developed vehicles may be able to pene- 
trate to the major planets, especially Jupiter. 
These will present new opportunities for bio- 
logical investigation. And the time will study 
come when man will reach out to planetary sys- 
tems bevond our own; in these may be found the 
first evidence of an intelligent form of life. 

but for now we shall concentrate on our im- 
mediate problem— the development of instru- 
ments for detecting microbial life on Mars, our 
next-door neighbor in space. 
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“About three-fourths of the total health 
expenditures in America come from 
private sources. Currently well over 
S2.j billion— or about 5 per cent of 
our gross national produc t— is spent on 
health. . . . This share is well above 
the 1 to -1 .5 per cent of GN1’ spent on 
health in Croat Mritain. a country with 
governmental provision of health care 
lor all. . . . The income of the average 
person in this country is new high 
enough so lie can buy his own health 
insurance policies, lus own iitiromcnt 
policies, not to mention his own cul- 
tural and recreational activities. 1 his 
wax he can obtain the combination of 
goods and services be desires most. 
Ax cm ding to the genei.rih ,icx opted 
tends of ecoinuitic thcoiy. ibis should 
maximize lus peismtal satis! ax lion 
— \V. C.t i w C vMi-m 1 1 . 

Director, Hom er InOitution 


"All countries that make the effort can 
produce all the fooxl they need if they 
use the oveuduindant supplies of in- 
secticides and pesticides, of fertilizers, 
and of cheap inotm fuels lor pumping 
irrigation water . . Hie North Ameri- 
can continent was overpopulated when 
(Tiristophct Uolundms discos ert’xl it. 
because tie* hull. ms hail onlx the .skills 
to carve out a scanty living for their 
small population. Today, with 1^'* 
million people in the l nitexl States, 
xx e arc seriously underpopulated by 
any standards we can leasonahly ap- 
ply. This count rx xx ill not 1.x* overpop- 
ulated xx it It 330 million or many more 
people and sx til have a much higher 
level of living. 

-K xtu. lliivNivr 
Director, I ooil Research 
Institute 

"l like to hi In vi that out nation would 
have in.ixh* the < - lh »i t. x*iidureil the trials 
ami suffering that have come xxitli the 
teassertix'n of the rights oi the Negro 
in recent years, cxi*n if tluie h.ul heen 


no United Nations However, 1 am 
also convinced that oxu government 
anil our pex>plt* has t* in fact been inflll- 
encexl hx recognition that the position 
of the United States as a leader in the 
United Nations was prejudiced. sx*ri- 
ously jeopardized, by the fact that 
almost 100 years alter the Emancipa- 
tion Proclamation, hundreds of thou- 
sands of our citizens had not been ac- 
corded the rights that were intenxlcd 
to coine xxitli their freedom from slav- 

cry. —Caiil B. Spaeth 

Chairman, Committee on 
International Studies 

“So long as we continue to take in stu- 
dents of the caliber of those noxx at- 
truding Stanforxl. I think xx e need have 
no fear that w e shall fail ill our task of 
equipping them intellectually, but l 
bxlii ve that wc have a consideiablx* 
task on our hands in liying to deal with 
then moral ami spiritual ediuation— 
although their rreeptiv itx for spiritual 
education is being exhibitexl to an 
astonishing ilegree at the present time. 
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Space Exploration Device Developed at the Center 

A small instrument weighing just over two 
pounds and capable of a wide range of bio- 
logical experiments has been designed at 
the Medical Center to investigate the pos- 
sibility that life might exist on Mars. 

The device, known as a multivator, is 
being considered for the first capsule mis- 
sion planned for a landing on Mars. 

It was developed in the Department of 
Genetics by Dr. Joshua Lederberg, head of 
the department; . Dr. Elliott Levinthal, a 
research associate; and Lee Hundley, an 
electrical engineer. They were assisted by 
members of the Stanford Mechanical Engi- 
neering Department and the Jet Propulsion 
Laboratories in Pasadena. Physically, the 
instrument package is about the size _ of a 
(Continued on Page 3) 


Leading Hearing Defect Specialist 
To Join Faculty at Medical School 

One of the country's leading specialists 
in hearing and hearing defects, Dr. Earl D. 
Schubert, will join the Medical School fac- 
ulty next July. He will direct a new post- 
doctoral training program in audiology 
which will be established by the Division 
of Speech Pathology and Audiology next sum- 
mer. He will have the rank of professor. 

Only a few such programs exist in the 
U.S. It is being supported with a $37,545 
grant from the National Institute of Neuro- 
logical Deseases and Blindness. The NINDB 
grant will be used to pay for salaries, 
postdoctoral fellowships and research. 

Dr. Schubert has a wide knowledge of 
all aspects of audiology. He is par- 
ticularly interested in psychoacous- F'V 
tics (why we hear sounds the way we r ? 
do) and the neurology and physiology [ yS 
of hearing. Although Dr. Schubert has 
extensive clinical experience, his l-Jk 




A MODEL OF THE MULTIVATOR is examined by Dr. 
Elliott Levinthal, Lee Hundley and Dr. Joshua 
Lederberg of the Department of Genetics. 


ATT AOIJMFNT in 


3 


Small Instrument Designed to Detect Life on Mars 


(Continued from Page 1) 
milk carton. It is just under 10 inches 
long and about 2 3/4 inches in diameter. 
It weighs about 30 ounces at this stage of 
development, but may be miniaturized later. 

Its purpose is to analyze a dust sample 
for microscopic organisms, since these 
would be found in every pinch of dust or 
puff of wind. Dust from the planet's sur- 
face will be blown into the reaction cham- 
bers within the raultivator. 

The dust will collect on a sticky coating 
on the chamber walls. A solvent such as 
water will be injected into the chambers 
where chemically reactive materials will 
already have been stored. 

There are 15 chambers, three of which are 
blanks. The 12 working chambers will con- 
tain the reactive materials which will am- 
plify certain steps in the metabolism, oi 
chemical activity associated with life 
processes, of the microbes. Thus the pres- 
ence of relatively few organisms can be 
detected. The blank chambers will serve 
as checks on the reaction to insure the re- 
liability of the tests. Information as to 
the progress of any reaction within each 
chamber can be telemetered back to earth. 

The multivator could also measure growth 
of bacteria and be adapted to use radio- 
active tagging techniques. Solvents other 
than water, different solvents in each 
chamber, and measurements of conductivity, 
acidity and the like, could be worked into 
the design. 

In outlining the problems of detecting 
signs of life elsewhere than on earth, Dr. 
Lederberg said that one could look for any 
one of the three stages in the evolution of 
life on Kars: 

1. The development of complex organic 
(carbon) compounds which are typically as- 
sociated with life but do not necessarily 
indicate that life exists. 

2. The development of more complicated 
compounds which are reproduced and which 
contain genetic information that specifies 
what organisms will be like. Errors in 
this reproduction, together with natural 
selection, bring about evolution and the 
great variety of earthly life. 

3. The evolution of mechanisms for 

thought, perception, and the accumulation 
of knowledge associated with intelligent 
communication . 

The multivator has been designed to exam- 
ine the possibility that the second stage 
has occurred. The presence of organic ma- 


terials would indicate biological processes 
could have developed, but would not provide 
a precise indication that life existed. 

Current experiments proposed for the in- 
strument are based on the assumption that 
life on Mars would depend upon the same 
basic carbon chemistry that supports life 
on our planet. Should this prove not to be 
the case, further experiments would have to 
be designed to test for alternative forms 
of life. 

In attempting to analyze Martian soil for 
traces of life, the scientists hope even- 
tually to be able to tell whether Mars took 
the same general path as the earth in the 
chemical development of life, and how it 
diverged at any of the stages of evolution. 

The raultivator was developed under a 
grant from the National Aeronautics and 
Space Administratipn to the Instrumentation 
Research Laboratory of the Department of 
Genetics . 


Menninger Information Specialist 
Joins Medical Center News Bureau 



New associate information officer and di- 
rector of the Stanford Medical Center News 
Bureau is Spyros Andreopoulos, formerly of 
The Menninger Foundation. 

He will assist the information officer, 
Samuel Moffat, with news stories and publi- 
cations about the 
Center. Initial- 
ly, he will 
concentrate on 
nontechnical ma- 
terial, with em- 
phasis on the 
Hospital 1 s infor- 
mation program. 

He will supervise 
the Medical Cen- 
ter Memo, which 
will be written 
by Fat Black. 

For the past 
four years Mr. 

Andreopoulos has 
been assistant 
director of information services at The 
Menninger Foundation in Topeka, Kansas, and 
editor of the Hcnnin^er Quarterly . 

Prior to that he was a journalist in 
Wichita, an information specialist in 
Greece, and a public information officer 
in Japan. He obtained his B.A. from the 
University of Wichita. 



.. I ntroduct Ion 

The maturation of exobiology calls for Increasing attention to the systematic 
statement of its theoretic il basis and its operational methods. Very little 
science is totally irrelevant to It and the pol icy-maker faces the danger of 
utter confusion In reacting to a flood of Isolated proposals for the development 
of spaceflight experiments. The stakes of such a large enterprise even demand 
Investment in new methodologies requiring further emphasis on the choice of 
valid goals, rather than available means which are tolerable bounds to more In- 
dividualized efforts in other fields. A system should help dispel this confusion 
and rationalize the division of labor, the only means of reducing a complex 
problem to manageable parts. 

• As a target Mars takes first place in our present thinking, yet our premissed 
information is only (1) terrestrial biochcrni stry, (2) the inferences from 
labelling Mars as a "terrestrial planet", and (p) a very small body of definite 
observational data. Thus the choice of our first experiments must taxe account 

' of a wide range of theoretical possibilities. Our speculation will be narrowed 
and therefore simplified by any tangible Information about Mars, even much that 
may seem to fall outside the domain of biology. Such information is Increasingly 
valuable if (as most global studies overlook) it encompasses the variability of 
the planet’s features In space and time. 


. Evolutionary Stages 

Fundamental to .all biological theory, cso- or exo-. Is the evolutionary principle. 

As is now commonplace, we name the following stages In the Earth's history; 

A. Chcmogcny (Organic Chemistry) 

The production of complex organic compounds by a variety of jion-rcpl Icativc 
mechanisms - the primitive cosmic aggregation, photochemistry of insolated 
atmospheres, thermal, 1 nargani c-catal yzed, and spontaneous reactions of 
previously formed reagents. 

C. Dlogeny (Biology) 

The replication of a specifically ordered polymer, c.g., DMA, which speci- 
fies the sequence of Its own replicates, and of fU.'A and proteins, from which 
colls and organisms ore fashioned. Random experiments of error In 

i 


ATTACHMENT 3! 


replication, and natural selection of their developmental consequences, 
result In the [onoply of terrestrial life. 

C« Cognogcny (History) 

The evolution of the mechanisms of perception, computation and symbolic ex- 
pression whereby Interpersonal communication can occur and tradition can 
accumulate, l.e. culture. 

Mars must be supposed to have had an earlier history similar to Earth. Our ques- 
tion Is then, how far has Its chemogeny gone; how like and how unlike the Earth's; 
has Its evolution passed through the biogenic (ordered macromolecular) stage? 

Then through the cogr.ogenic? 

In evaluating a complex set of possibilities It Is helpful to find a classifying 
parameter that can be scanned systematically. If sometimes only Implicitly, to 
generate a probability space. In this case, the evo’utlonary principle furnishes 
the parameter: chemical complexity. Of all chemical possibilities, terrestrial 
life comprises a set of choices: to what stage of complexity has Martial evolu- 

tion progressed, and at what levels has It diverged from the terrestrial? 

For other planets, for example Jupiter, the hypothesis of ultimate divergence 
Is more plausible than for Mars. If only to evade perplexity how to deal with a 
totally unspecified situation, we state, but' pass over the posslbllty of a non- 
aqueous or r.on- carbonaceous system, that Is we postulate that Martian life Is 
predicated on chemical linkages, predominant! y -C-C-, -C-0-, -C-N-, and -0-P-, 
that arc barely stable In aqueous medium. We leave to hypothesis the extent to 
which the constructions from these radicals emulate terrestrial biochemistry 
at each level of complexity. 

Chemogeny generates a vast mix of products through the level of random macro- 
molecules. Whether or not It had progressed to biogeny Mars must have nurtured 
such chemistry. A negative assay for organic materials would preclude biogeny, 
but would properly be blamed on deficiencies In the particular sample. The 
positive assay, if It told something of the concentration and composition of 
organic molecules, would odd to our understanding of Mars' development, and would 
contribute to our Judgment of the llfc-dctcctlon problem. Dut It would not answer 
It. On tbc other hand, once life has appeared on a planet. It would dominate 
its organic chemistry - most carbon compounds would be witnesses of biogenic 
(or cogr.ogenic) specificity. The description of organic molecules has at least 
the second-most priority in exobiology. 

A scan of chemical entitles points up many conceivable data hard to reconcile 
with chemogeny, and thus imply biogeny or cognogcny. The simplest example: 

Suppose a specimen of water contained pure M r (to the exclusion of deuterium). 

Such samples do exist on Earth, but the probability that a randomly chosen sample 
will have such a striking artifact Is small, smaller still If we prefer not to 
take account of the products of cognogcny. 


The chemical seen 


To publish a complete scan through chemical complexity might be as witless as It 
Is pretentious for any one person to attempt. However, segments of such a scan 
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arc challenges to the imagination of the specialist, os the scrutiny of the first 
element, hydrogen, already hopefully suggests. Just what discrepancies in the 
H'YH ratio in a Mars sample would be beyond •’.implc (chemogcnic) explanation? 

How would one interpret such a finding from a terrestrial foray? What are the 
simplest instrumental means of making such a measurement? What are the ranges of 
biogenic, of cogrogenic systems that might be expected to generate discrepant 
samples? What is the probability of detecting such a sample? 

Intuitively we judge this probability very low, but this is a tentative judgment 
mainly based on terrestrial experience (the market price of pure protiumi)* We 
cannot formally prove the impossibility of natural fractionation processes as an 
alternative to biooeny, without specifying the local circumstances. 

The entropy argument 

More Important than the particular nuggets that we might hope to find by a 
systematic scan are the generalizations that impatience or weariness might Impel. 

Given the evolutionary continuity of life and our understanding of the organism 
os a chemical machine, there cn,i be no absolutely distinctive signature of life. 
Some conjunctions - like a planetary depot of protium - would be so unaccountable 
to our present model of chemical behavior that we would feel obliged to postulate 
the operation of a goal-di rccted system (biogcr.y or cognogcny) rather than accept 
the improbability of such a conjunction by chance. This choice’ plainly depends 
on our freedom of choice of models. For example, our present knowledge of chsmo- 
geny permits a wide latitude of hypotheses as to the range of molecular species 
that atmospheric photochemistry might generate. Further developments in our 
knowledge of chcmogeny or of the available chemical and physical resources of 
Mars might confer useful constraints on the date that might be "explained away" 
as chcmogeny, and thus cannot make a critical contribution to our search. 

From terrestrial experience we judge that the occurrence of any of a number of * 
compounds in high purity is a sign of lire. Such deposits at a microscopic level 
are even more likely to signify cognogcny - a smelter, a chemical laboratory, a 
communications cable, than biogeny - organic structure usually being built of 
microscopically defined components. Pockets of entropy ore not unique to life, 
however, and only the details of experience or confident use of available theory 
can decide whether the eddy has a chemical-kinetic explanation or a bio- or cogno- 
genctic one. Lacking our experience, a Martian visitor might credit the associ- 
ation of diamonds to seme mysterious biogenctic function, inhibited by Y chromo- 
somes; if he were cleverer, to the General Electric Company. He would need very 
special knowledge of the Earth to predict they would be found in the ground. 

The entropy argument can be generalized further to improbability values In on 
open system. Thus the accumulation of kinetically unstable materials (in the 
context of local chemical and physical conditions) would also call for a special 
explanation. For example, an accumulation of photosensitive pigments (witness 
terrestrial chlorophyll) requires special attention to the magnitude of plausible 
synthetic processes (atmochemical vs. biogenic) by which their steady-state con- 
centration could be maintained. Analogous reasoning would apply to compounds 
that arc thcrmolobi le in relation to the ambient temperature, or chemically un- 
stable species that should reach equil ibrl urn with oxidants and other reagents. 
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Optical activity 

The discrimination of optical isomers is the most promising entropy pocket 
turned up by the chemical scan. In fact, for any carbonaceous (more generally, 
tctravalcnt) system, substantial net optical asymmetry Is virtually equivalent 
to biogeny. Our fundamental definition of biogeny is the well-ordered macro- 
molecule (we have still to discuss a direct approach to its detection). When 
tctravalcnt carbon is incorporated into macrorolecular structure, each carbon 
stands a reasonable risk of being asymmetric, of having a distinctive substit- 
uent on each of its four valences. Such an atom is subject to s tcrco-(opt leal ) 
isomerism, and Its orientation, D- or L-, must be specified If the macromolecule 
is to bt* ordered, more concretely, if it Is to have a well-defined three- 
dimensional shape. Conversely, blogcnctlc macromoleculcs, having ordered 
asymmetric centers, have the necessary information to discriminate among the 
isomers of monomeric substrates. It is less obvious why onl y L-amlno acids are 
used for terrestrial proteins. The Intercalation of a D- amino acid would be 
a new element of versatility. We may know better when the rules of polypeptide 
conformation are better known. Or the answer may be In the details of evolution 
of amino acid anabolism and problems of discrimination of analogs. Howbelt, 
optical isomers will not occur at exactly the equivalent concentrations In any 
biogenic system. The theory has ample support from terrestrial experience. 

The ratio of O-glucosc to L-glucose on the Earth must be better than 10^5: I. 

In addition to the theoretical generality and historical tradition of the 
Pastorian principle, the criterion can be applied to any organic molecules or 
an aggregate of them. Paradoxical ly, optical activity is insti umcntal ly a weak 
measure and Its historical preeminence might do ill service by obscuring the 
basic criterion: a statistical preference beyond chance or weak chemical effects, 

among asymmetry isomers. The matter is discussed further under Instrumentation. 

S I enal s 

The main tack of search for cognogcny is the scrutiny of radiation emanating 
from the planet rather tnan from Its chemical composition. But similar consider- 
ations apply to the detection of intelligent signals: If the coherence or mono- 
chromaticity or modulation pattern or other regularity of the signal defeats 
our efforts to attribute It to some natural mechanism, we have only the alter- 
native of purposive behavior. The spontaneous emission of a prime number series; 
even more, on intelligent reply In dialogue are extreme examples, but still fall 
within this criterion. (A coding theorem reminds us, however, that the most 
efficient communication of information Is by definition. Indistinguishable from 
noise to the unbriefed eavesdropper.) 

Flyby or orbitcr missions ma\ bi more efficient ot detecting the radiation signals 
and large-scale topographic r.. >•'• f (cations expected of cognogcny. Landers may 
well be planted on Mars before there has been extensive surveillance to settle 
this question, and simple assays for "animal", especially cognitive life should 
not be overlooked. These might range from Ideographic descriptions or the origin 
and scientific purposes of the experiment, and instructions how to modulate the 
telemetry; "Martians, please press the black button, do not press the red one", 
to night-lights, microphones, and acceleration detectors. The letter in parti- 
cular should be able to discriminate between some classes of physical events - 
for example, sudden Impacts - from those characteristic of manipulation by on 
animal. With the suggestion that this problem has r.ot received the attention 
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It deserves, we leave Its further consideration to other occasions. 


Macro.ToIcculcs 


Macromolcculcs of well-defined. Information carrying order bound cherr.ogcny from 
biogeny. The replication of such macromoleculcs (genes) and the possibility of 
random error (nutation) opens the door to natural selection and the evolution 
of more, and more complex forms of life. The most direct challenge of exobiology 
Is the assay of Informational nacromolccules. A random polynucleotide Is not 
life; loutes to Its photochemical synthesis from simple gasses and Inorganic 
pr.osphate arc In sight. But we might find evidence of Its replication, either 
by direct observation, or by finding a significant concentration of replicas of 
the same sequence. The sequence need not be the gene Itself. Macromolecular 
sequencing Is also manifest In gene products, RNA and proteins. It Is Important 
that the sequence imply ordering from a template which selects from an abundance 
of klnetlcally equivalent choices, not merely a pattern Inherent In the chemistry 
of the monomer, os In crystallization. 

The main methodological problems of contemporary molecular biology are exactly 
those which face this area of cxobiological work. This challenge gives us the 
groundwork for exobiology and assures the full utilization of any Instrumental 
advances. But it Is a chastening r.otc that biochemistry has - as of new - 
perhaps barely reached the point of affirmation that antibody gamma globulin 
answers these criteria In any detail. Indeed, some workors dispute that this 
protein Is synthesized by the general rule of information transfer from DHA. 

That this question concerning an abundant and important molecule can still be In 
dispute at the present time warns us of our limitations In answering analogous 
questions concerning macromolcculcs on another planet. 

How do we detect Informational macromolcculcs? 

A. Compositional Analysts 

1. Demonstration of macromolcculcs In the sample. 

2. Demonstration of composition and nonrandom ordering In such 
macromolcculcs. 

1. The most evident approach to A, and the foundation of biochemistry. Is 
the Isolation of macromolccular species from the sample, and their 
purification before attempts at analysis. Practical methods are mostly 
empirical, far from general principles of wide application - various 
regimes of extraction and precipitation - which docs not preclude their 
usefulness if the sample collection and processing equipment permit. 

More rational techniques mainly rely on dlffusionol properties of large 
molecules, free diffusion, sedimentation, dialysis, molecular sieves, 
and electrophoresis, in principle also vapor phase diffusion (to remove 
mor.cmers) - molecular distillation, gas chromatography, and mass spectro- 
metry. Solution chromatographic methods ray also rely on the coincidence 
o' functional groups on one molecule, c.g., a polyelectrolyte. 

Sln.il or principles undarly r.on-scparati ve methods of detection which 
have not been extensively developed to dote. Rotational relaxation times 
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can be measured by flow or electric birefringence, or the analogous 
polarization of f 1 uoroescencc. Polyfunctionality Is tested by inter-, 
molecular Interactions of adsorbed dyes (e.g. optical shifts in acridine 
orange on DMA) or the monomeric units with one another In special cases 
(bypochromicity of DNA, dtagnosable upon heat-denaturatlon). More direct 
chemical tests for poiyfunctioi.al i ty also suggest themselves. 

2. The previous methods. Insofar as they lack perfect generality, may give 
some clue as to the compos it ion of the macromoleculc, as well as Its 
molecular size. At the other extreme, we would seek the complete primary 
structure to emulate the recent tours-dc-force of chemical technique. 
Reasonable Inferences might be drawn from less complete evidence of 
structural individuality, hard to evaluate In advance: homogeneity In 

mo’ecular weight or endgroup analysis, crystallinity, or sharp fraction- 
ation by any other procedure. A sharp X-ray diagram of a heteropolymer 
sample could Imply Its Individuality long before it had yielded to full 
analysis. 

Other partial measures of great utility Include the scission of the 
polymer by specific reagents, especially enzymes, to give a pattern of 
characteristic fragments ( the polypeptide "fingerprint")* 

B. Functional Analysis 

The uses that biogeny has discovered for macromolecu! es furnish other avenues 
for their detection. These functions are all reducible to the stereospeclf I- 
city of the polymer In complex formation. The chemical specificity of. complex 
formation then becomes the argument for the structural individuality or the 
polymer. 

Function 

Auto-Repl l cation 

Hataro-Repl Icatlon 

Morphogenesis 
(Fibers, Membranes, 

Vesicles) 

Enzyme 


Neutral izlng 
(inducible •• antibody) 

Transport 

(e.g. serum albumin) 


Complex with 

Incipient polymer (same species) and polymer 
building monomer 

Incipient polymer (different species) and polymer 
building monomer 

Formed polymer, similar species 


Substrate 

Cofactors 

Analogues 

Antigens 


catalytic effect 

to form holoenzyme 

complexes Inactive, qua enzyme 


Hormones, toxins 
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In this list, the enzymatic functions ore particularly promising In light of their 
specificity and amplifying capability. Many enzymes have turnover numbers of 1C^ 
substrate molecules per second par enzyme molecule. If suitable precursors 
(nutrients) can be defined, enzyme sequences, c.g. respiration or photosynthesis, 
extend the versatility of this approach. Finally, replication, be It of mole- 
cules or cells, offers the largest ampl I f ication - a single bacterium could grew 
into tonnage masses In a few days, but might be the most exacting of the environ- 
ment. 


Ho fa hoi i sn 

This Is an extension of the concept of testing for enzymatic activity. Under 
certain conditions the test for a sequence of enzymatic reactions, the metabolic 
system, can exploit the Improbobi 1 i ty of Its simulation by a non-blogenic process. 
On the other hand, the same condition also decreases the a priori probability 
that the entire sequence will be represented In an extraterrestrial species. 

This a priori probability will be greatest, of course, the simpler the level ot 
which the metabolic reactions are tested: for example, the assimilation of ele- 

mentary nutrients, c.g. C, N, 0 or P into organic molecules. At the next highest 
level of chemical complexity, molecules such as M 2 O, COo, and Op and NH^ 01 e among 
the most pervasive metabolites of terrestrial life, and the choice among them 
for searching for evidence of their conversion into other compounds will depend 
mainly on instrumental considerations. In general, the more complex the meta- 
bolite being tested, the less assurance we would have that It was part of an 
extraterrestrial biogenic system. 

I nstrumentat ion 


The classification of existing Instruments, or those proposed for analytical pur- 
poses is a task as difficult as it is urgent. The real aim, a class I f Icat Ion of 
p ossible instruments, requires a total knowledge of physics. However, If human 
limitation precludes perfection, some system ray be bettor than none, and we can 
lay one out oven If we co-'-ot exhaustively analyze It. A proposed scan parameter 
is the energy level of the transition by which the molecule Is recognized. 

Further parameters include whether photons are introduced or emitted, whether 
chemical reagents are employed. Including auto-reactions, whether the displacement 
of state (including position) of the analysand or the probe Is diagnostic, and 
for radiation probes, whether power, polarization, phase, wavelength, or flux 
vector of the probe Is altered as an index of the analysis. 

Empirically, radiation probes hove limited selectivity, but may be of special 
value In conjunct ion wl th chemical reagents. Absorption (power loss) measure- 
ments have dominated Instrumental analysis. Out conventional methods rarely 
stabilize or measure Input power better than 1:1CC0, with corresponding limita- 
tions to detectivity. For example, optical molar absorptivity rarely exceeds lO^ 
so that 10“^ molar solutions (o x 10l- molecules in a 1 cm3 cell) would give the 
lowest useful signal under the most favorable conditions. Dy contrast, fluoro- 
matric measurement (which can exploit shifts in wavelength, flux vector, polari- 
zation and phase) con cosily measure 1C® molecules and can probably be extended 
to 10*' under favorable conditions. The delicacy of excitation methods (which 
could aT:o include chemical, nucleonic and thermal excitation) stems from the 
measurement of a signal against a r.oiso background rather than against the power 
fluctuations of the probe. 
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Optical activity is usually measured via power loss (attenuation of polarized 
light by a crossed analyzer): the molar rotations arc relatively small, present 

detectivity being about 1015 molecules. 

The most sensitive approaches to analysis arc two-stage mechanisms: the selective 

displacement of the analysand, then a sons i t I vc detection . In principle, such 
methods might detect a single molecule, as in mass spectrometry: m/e displace- 

ment followed by accelerated ion detection. The reasoning behind this recommen- 
dation can be illustrated by Its application to optical activity (stereo-asymmetry) 
on a Mariner-type mission. 

Mo assume capture of a dust sample of, say, 100 mg, containing at most 100 pg of 
organic matter, perhaps 1 pg (about 10 nanomoles) of a particular species. 

Direct measurement of optical activity of such a dilute sample is far beyond 
present technique. Typical of the analytical problem is a very small sample 
which, however, has a marked bias in the molecular proportions. It might contain, 
or be converted, into, say 10^ molecules of D-lactic acid, plus only 10^ of 
L-lactic. Diffusion techniques can be devised to separate such species, chroma- 
tography on ar active adsorbant, diffusion through an active membrane - even 
more certainly after complcxing with an optically active ligand (say Rj R 2 R 5 Si-) 
giving chemically distinct dla^tereolsomers. These tactics transfer the problem 
to the much smaller dimensions of chemical Identification. 

A science of metrology, the orderly study of methods of measurement, remains to 
be developed. The preceding classifications, lacking such a thought out theor- 
etical framework, are untidy, and thus lend less confidence 05 to their complete- 
ness than would be desired. 
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SIGNS OF LIFE 

CRITERION-SYSTEM OF EXOBIOLOGY 
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r I '' HK "‘uiunciu-o of interplanetary traffic culls for 
1 systematic criticism of the theoretical has* mid 

i r n l'"' 1 , m, '"r !s *’ f VM>1,, " I "RJ '• I lie initial search 
lor mi.l continual investigation ot the life it might on- 

co. inter. \ cry little seiei.ee ,s totally irr -levant to ,t. 
ami the imhey inaher must face a riot of ,-ot. ntml 
approaches to space High, experiments. n v everv stnml 

h.s o, j o the solar system ami of the |„,mm. spec.es 
ami the focus of an enormous dedication of cost ami 
a new perspective ... experimental 
polux, II, e h loader interfaces of , so-(Kartl,'s oxv„> 
biology, by contrast, permit its fruitful growth nil Inn 
the context ot methodologies and instruments that can 

I 1 '° ': na 1 'V >;1UV and imaginative 

possibilities. A syste, ,, hi, oi-ileily appraisal .»f the p, ol.le.u 
vxould tationah. e the partition of lalamr. our only means ol 
managing a complex problem. 

Mars hour prior targe,. Our prem.ss.sl ...formation is 
onlx (I) terrestrial ol.serx alien: csobincheinist ,x c*l 
the implications of Mars being a •terrestrial planet'*; ,:t|*a 
\cry small bodx ot definite observational results The 
Choice o, our first experiments must tahe mount ol a 
xx id.; range ol theoretical pass, b, hues no, x e, n.uroxxed 
by the experimental process. Oxer tins broad reach 
logical necessity tardy coincides xvitl, logical suffice, x. 
the 1,1 . .impelling ntleieiices might Stem from the least 

hhely even. Our spee„l.„,o„ „,|| |„. Im rr I and 

l-.h.x simphhed bx tangible informal , on about u„x 
aspe, t ot bars, .•sp.vinlly if it euc.inip.iss.-s the varia- 
'* H.' 1,1 'he planet s features m sp me and time. 

Evolutionary Stages and the Definition of 'Life' 

fundament ul „x all biological .so- or ex... ,s 

the ex olitt .oiiai x principle. As ,s noxx 'commonplace, 'xve 
nsogm." III., tolloxx mg stages m the Kart It’s hi'. ton 
(.11 . I..,;,., .../ ru.msln, I. The production of 

■ onipl .x organ,,- compounds hv a x.xri.tv ,.f icpl.cu- 
t.xe me. hanisias ,|,e prituiiive e,.„,„e aggregation 
phot ochemist tv ol isolated atmospheres, thermal and 
spontaneous reactions of inorganic., Ilx eauhv-d. prex,. 
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(IS) lUuijtny (bioloyy). T| u « replication of a speciticallv 
°r.W,.,t poly i iii-r, DMA being the terrestrial example, 
h b ', l " H ' llu ' s ,h " sequence of its own replicas. mulof 
‘I*;; " orl j">tJ materials, like HN'A and protein., from which 
••oils ami organisms are fashionod. Random experiments 
, l '!’ ror 1,1 replication. and natural selection of their 
, " elopnu'ut al consequences result in tile panoply of 
tortvstruu life. * r • 

«’) Cofftunjeny (history). The evolution of the median- 
isnisol perception, computation, and symbolic expression 
and interpersonal communication, « hereby tradition can 
accumulate, culture unfold. 

Mars must be supposed to have had an initial history 
smular to Karth. To ask whether Mars has life is to ask 
how tar has its chemogeny gone; how like and how unlike 
I! i i i S: ,na 1,s »>voInt ion passed through the biogenic 
(ordered macromoloculor) stage? Then through the 

In evaluating a complex set of possibilities it is helpful 
to hud classifying parameters which can he scanned 
systematically, it sometimes only implicitly, to genorate 
a probubmiy space. i„ this case, the evolutionary 
| ritaiple tiirnishes the parameter; chemical complexity' 
he initial plauetogeny and the consequent difference* 
in physical and chemical environment determine the 
possible points of departure of the evolutionary processes. 
t)n these grounds. Jupiter must have special interest for 
Comparative cosmoohemistry ; but it is still much less 
access, I, lc to dose investigation, and we have even less 
o. a basis to predicate a homologous chemogeny there 
than we do tor Maw. 1„ so f nr iW M ars do ,, s n , u | n somo 
en\ iroiimental analogies to Kart I, we might at least 
predicate lor one branch of our analysis, that any Martian 
hie is based oil chemical linkages, predominantly 

• L • —C—N— and — O— P— , whicii 
ar. aiclv stable in aqueous medium. We leave to 
tyimthesis the extent to which the constructions from 

at mi '.‘"i i"T r “ ,llw . ,U terrestrial biochemistry 

at each te> i*| ot complexity. 

The cosmic abundance of those elements is relatively 
ugh. and here is every reason to liehcve that Mars ,s at 
U.st as II, Illy endowed as Karth m them. If t|„> m „i a | 
budget e| earl, on has not. like that of the Earths crust, 
be. n completely requisitioned by life. tl„.„ what form 

" ill \\o • m vi l it m ? 

t In in geuy generates a vast mixture of products 
through tho level of random mteromolecules! Mars 
must have nurtured such chemistry, whether or not .t 
ha, progress,., to biogeuy. A negative assay to,- organic 
tu.i . rials would preclude biology, l„„ could we believe 

* , "' , | ■* rw ." 1 ' h properly be blamed on delici- 

encies the particular sample. The positive assay. ,f „ 
>omei nog ui the concentration mid composition of 
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organic molecules, would mill to our understanding of 
Mars's development, anil would contribute to our judg- 
ment of the life-detection problem. Hut it would not 
answer it. On the other hand, once life Ims appeared on a 
planet, it would dominate its organic chemistry — most 
carbon compounds would be witnesses of biogenic (or 
coguogonic) spivilicity. The cataloguing of organic 
molecules is a description of the consequences of evolution 
and must make up a large part of our effort. 

The Chemical Scan 

To promise an actual complete scan of hypotheses of 
molecular complexity would be pretentious and witless, 
notw ithstanding that a computer can now be programmed 
to visualize all the possibilities. However, the fantasy 
of such a scan is a constructive exercise ill evalua- 
tion of evidence for life. Kor each chemical species the 
imagination of the specialist might bo challenged to ask: 
(a) is there any information concerning the existence of 
this item relevant to scieutitic inference in exobiology; 
(M what arc my prior expectations on the distribution 
of this species, with and without life: (c) what other data 
could contribute; (</) how would the observation be inter- 
preted from a terrestrial foray; (r) what special methods 
are available or could ho dev isisl to detect the species 

We might nurture a hope of turning up a special 
treasure, a rare example of a moli<culc -Inch would reveal 
something about the evolution of the planet and help 
narrow our choices among the confusing array of possible 
targets. In practice this advantage does not materialize 
so easily, for the hope is false. Not that no chemical 
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spoon's is potentially inforinntivo; paradoxically. ovorv 
one is. 

Consider hydrogen. lit terms of the simple Venn 
d ingrain thig. II, most exported observations would fall 
in the region ( U-C ). that is, would bo consistent with 
biogouy hut not imply it. Ilmvnver, the sensible uhseeee 
of hydrogen from Mars’ surfaee would fall m region 
( -U-C), that is, virtually ptvohido life. Hut if we could 
produce no plausible physical model lor the disnp}tournucc 
of hydrogen, wo would have to reconsider the region 
(/• C), that is, to ash whether the aiiomalv implies a bio* 

genic or oogitogenir sequestration of the element. On the 

other hand rtniu microscopic distributions of 11 are 

hard to reconcile with any chi'inegt'iiic model, ami 
point to the region (/?• Cl. that is, an inference in favour 
ol hiogenv. This verges on morphology, hut can still be 
formulated as molecular statistics. 

On another tuck, suppose a specimen consisted of pure 
protium. 'll. to the exclusion of deuterium. *11. The 
price of pure protium on the terrestrial market hints at 
the obstacles to a chemogoiiie model. Apart from eoguo- 
gcliic activity, it a biogenic system were exquisitely 
sensitive to deuterium toxicity it might evolve a dis- 
crimination against it. 

1 he arguments have lieon laboured, but are quite 
typical ot those that discovery ot any other species would 
urouse. 


Entropy or Unlikelihood 


C! i veil the evolutionary continuity of life mid our 
understanding of the organism as a chemical machine, 
there can he no absolutely distinctive signature of life. 
Some conjunctions like a planetary depot of protium 
would he so uiiaceouiitahle to our present model of cheini- 
cnl behaviour that ue would fed obligated to postulate 
the operation ot a goal-directed system (hiogenv or 
cognogeiiv I rather than accept the improbability o! such 
a conjunct ion by chance. This choice plainly depends 
on our freedom of choice of models. For example, our 
present know lixlge of ' ehemngetiy permits a wide latitude 
Ot hypotheses as to the range of mobsmlar species that 
at niosphci ic ph.it. lchemistn might generate. Further 
developments in our knowledge of chcmugeny or of the 
available chemical and physical n-sonrees .liars might 
cent, r usclul constraints on tin- data that might now he 
explained awav as cl.cn.ogcny . m.d thus cannot vet make 
a fitici.il rout nlmt ion to our sraich. 

I roui terrestrial experience we judge that the occur 
reiiee of UIIV ol a iiiliuls-r ol compoui'ds in high pie , v -s 
a sign of life. Such deposits at a macroscopic I,..,-; i -,id 
to signify eognogem a smeller, a eheniie.il laborator,. 
a communications cable, rather than biogeny organa 
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structure usually being Imill o* micitwcopically dcltttcd 
eom|xmcnts. Xegeutropy is a n.vossary, but not RUtlicieut . 
sign ol‘ lilo. However, n ran holp tiltor out tho most 
promising situations. Tliolt only tlio ilotails of experience 
or contidcnt uso of available theory ran decide whotliot 
tin- wlily has a chemical kinetic explanation or a loo- or 
cogno genic one. Lacking our experience, a Martian 
v isitor might erevlit ilianiautane carbon to some mysteri- 
ous biogenic function, inlubitwl by V chromosomes: if he 
were cleverer, to the tieneral Klectrie Co. lit- would newl 
very spwial Unovvlwlge of the Karth to predict that 
diamonds would be found in the ground (and even mere 
to understand why men dig them up, only so that women 
will wear them). 

Kinetic instability in the context of local chemical and 
physical conditions is another clue. For example, cover 
of photosensitive pigments (witness terrestrial chloro- 
phyll) roipmvs special attention to the magnitude of 
plausible synthetic processes, at mo? phene chemical versus 
biogenic, by which their steady -state concentration could 
be maintained. Analogous reasoning would apply to 
compounds which are theimolalule in relation to the 
ambient temperature, or chemically unstable species 
which should reach etptilibrnim with coexistent oxidant. 
I'o we s-e a forest lire! Then vv-- must think ot the 
eltleient system of photosynthesis which will restore the 
steady-state vegetation. Top heavy structures, winch 
high altitude reconnaissance could perceive even without 
resolving single trees, houses, or bipods, likewise tell 
of kinematic instability' and in turn, some process to re 
raise what must some time tall. Hut geopliv sics rctu|)clcs 
with biophysics, and we have to discriminate hie limit 
viilcanism and orogeny . 

In sum. unlikelihood m terms o! the ehei.iogenie model 
gives weight to any finding a* a datum for exobiology. 
It should be possible to i|lliUttitate chclnogcmc likelihood, 
essential if a datum is to be given a measured value in 
any decision inakiiig programme. The resolution of the 
measurement it.vd not Is- very high to make it still very 
useful in comparing d-painte approaches. 

In more general terms, biota have a Inch dcnxitv ol 
inteiii.il itiloi mat ion die root of our conceptual disline 
lion between matter and hie is tile rub story that hie 
can tell about itsell. a plot the details of winch we can 
scarcely d.-din ■ from out simple knowledge of the initial 
conditions I'll, there must be a plot, that is. the itiloniiii 
lion must have -omc inteie-t on: pattern, or vie would not 
distinguish a cell Iioiii the disloc.it ion-- in a snowllak. 

Optical Activ.ty 

Many iiiokviilai s|h-ci. s i an coni r ilmic in an important 
way to om apprix-iai ion ol hie. I /mo n, we have a vciv 
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limited basis to prediet whieh speeies will lie iiiohI cogent. 
We should, of course, giro high, but not exclusive, 
priority to terrestrial prototypes like amino-mid* mid 
nucleotides. Fortunately, there is u generic classification 
of eomjiounds whieh is relatively independent of detail 
ot structure, yet should per\ ode iv biogenic cheinistrv. 
This is optical nctir itv. 

The argument for logical necessity of net optical unit it v 
has nothing to do vi it li optical rotation. It depends on the 
crucial role of the infonnirtioual mneroniolecule in a 
definition of Ide. When tetruvaleut eat bon is incorpor- 
ated into inacrot Molecular structure, each carbon stands a 
reason able risk of being an asymmetric centre, of having a 
distinctive substituent on each of its tour valeiues. Such 
an atom is subject to stereo- (optical) isomerism, and its 
orient i lion, n- or l. . must he specified if the macro 
molecule is to he lully ordered, more concretely, if it is 
to have -a veil -defined three-dimensional shape. Con- 
versely. biogenic maerotr.olecules. having ordered asym- 
metric centres, have the necessary information to dis- 
criminate among the isomers of monomelic sulnjtrntes. 
On Forth. wliete biogcuy hits dominated the statistics of 
organic molecule*, we find that the ratio of n- to t. -glucose 
residues is at least HI 1 ' : I. 

Logical sufficiency can also be argued, tlieniical cn- 
iintionicrphs should he generated in cijiial prop it ions 
except under the influence of a catalytic system whieh is 
already asymmetrically organized The global organiza- 
tion of a plant'! into one oatalytie system of particular 
orientation is a catastrophe of a magnitude iinit|tic to 
biogeuy. Spontaneous resolution might occur locally. 
Hence this criterion has it* greatest weight when applied 
to a species whieh Itowx through the planetary circulation. 
A paragon would be labile molecules condensed from the 
almosphen'r optically active smeg. 

Within the biogenic system. both euaitt intplis ot a 

metal, nine might he generated. Imt this would he m pie- 
eisely e.|ual amounts with no greater likelihood than am 
two specie* designated at random, t iiemogem nnif 
stem-ally ordered hiogeny thus give sharply coulrast<>d 
i'\peel at lolls Oil these slat 1st ies. and hmgeuie eliemisliv 
‘'all hardly avoid heeoming stem , illy ordered. 

I liese lilies of mlere'ice do tint aeeount Ini stub para- 
chiitlisms as the uiidev latiug series of t. isomers ol amino- 
ae.ds Ml esnhi.it proteins. I'm example, u alanine would 
be at i- ast as interest ing as I valine in expandu.g the 
homologue-ol glycine llm.l.,, th.it matter. uh\ i» ammn 
""t.vrie aeid passed er ? W e may knou better u lieu the 
rules Ot |Hilv |H ptule eoiiloi Illation mv better knn»n: 
move likely , from tin- details <>t ,. v . 'iim,,, „f ammo i, id 
aualhilisiu mid pri’ibl.-ms.ii di.emninat ion among iiu.ilogiii-s 
b is preeisi'ly al this level that tin local biological tin-, ay 
tails, and ihcteh, points to I he erueinl is.iies of a cosmic 
biology . 

il 
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lii view of the theoretical generality mul hint orient 
tradition of the P.irit.-unnn principle, it is paradoxical 
tlmt the direct measurement of optical activity is weak by 
comparison to other mstniment.il approaches. However, 
the basic criterion is not optical rotation but molecular 
statistics. Knant iomorplis can lv assayed with optically 
active reagents to give resolvable diastereo-isoiil.'is. and 
exploit the most sensitive methods known to chemistry. 

Macromolcculci 

Informational macroinolcculcs define the boundary of 
clieinogeny and biogony, of chemistry and life. Their 
description on another planet is the fundamental challenge 
of exobiology. Replication of macromolceiiles (genes) and 
the inevitability of random error (mutation) open the 
door to natural selection and the evolution of more and 
more roinplex forms of life. A random polynucleotide is 
not life; routes to us photocheniico-synt bests from simple 
gases and inorganic phosphate are in sight. Can we 
deduce tiie replication of a polynucleotide by any means 
short of the most recent achievements of direct observa- 
tion and in vitro enryn oology ? Historically, we could 
deduce the infonniitionality of macroinolcculcs ju>i from 
compositional data. When the same sequence occurs in 
many molecules as in a sample of crystalline Itocmo- 
gtohin —we have to invoke an informational process to 
programme and implement the synthesis of the protein. 
In fact, only recently and rarely could we gain complete 
s | ve i tic at ions of an actual sequence This is usually 
inferred from fragmentary analyses of a fraction found 
to lie monodisperse on a few measures and then assumed 
to be sequentially homogeneous. 

Tlie sequence need not he the gene itself. Macro- 
molecular Sequencing is also manifest m gone products, 
KXA and proteins It is important that the sequence 
imply ordering from a template which selects from an 
abundance of kiii.-tu-nlly equivalent choices, not merely a 
pat torn inherent in the chemistry of the monomer, as m 
crystallisation. 

Molecular esobiology f.icos tiie same methodological 
probhin«. Tins cl al’cnge gucs us the groundwork for 
exohmlogv and asstiri's that any instiiuiu-iital luluinos 
will have icdoiibl.sl utility Km il is a elio-lciiing note 
that biochemistry lias l arch readied the point ol albntia- 
lion that autiUidy y gloluiliu has an inlomtntinnnl 
sequence or is sp.s iti.sl by a |mlymieli , otidc. That this 
abundant and iiudu illy important i.iol.cul.- can still 
lie so eoittrovcisi.il must .-m ko some luiinihty ill our 
post ul.it it ins mul ■•\|i> Tiinctii.il .-Ports coi. .-.Tiling mart a- 
inolcciil. s on aitot b. t platid. 
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How Wc Detect Informational Macromolcculcs 

(.1) Compngitional ann!y*i*. («) Hoc* the Minplv 
contain macromoleculea ? (M What in their composition ? 

(r) Any evidence of informational ordering ? 

Ksobiology m firmly founded on the isolation of macro- 
molecular speeu-s mil their purification before attempts 
nt analysis. Some of th • mom successful method* ore 
empirical rwipm of extraction and precipit tvtion. 

More rational tiH'hniiiuos include diflusmnnl proper! ie* 
of large molecule*, free ditlusion. xixlinirtitation, dialysis, 
moleeular sieve*. utel electrophoresis. in principle also 
vapour phase diffusion (to temove nionoiiiei*) moleeular 
ilimillmion. gas chromatography ami inn** spectrometry. 
Solution chromatographic methods may also rely on the 
coincidence of functional groups on one molecule, for 
example, a poly elect rolyt*. 

Similar principles underlie non -separat i\e method* of 
detection which have not been extensively devi lopeil to 
date. Rotational relaxation times can lx> measured by 
Mow or elect rie birefringence, or t In* analogous poluristt- 
turn of fluorescence, l'oly funetionality is tested by inter- 
molecular interactions of adsorbed dyes (for example, 
optical shifts m acrtdinc orange on DXA) or the mono- 
meric units with one mother in special cases (hypo- 
chroniicity i»i PN V, iliagnosi.blc on hcat-ilcnaturationl. 
More direct chemical tests for polyfunctionnlity also 
suggest themselves. 

I’iie previous methods, in so lar as they lad, piileit 
generality, may give only a clue as to the composition nl 
t||i, uincromolceule, as well as its molceulii si/.e. At the 
other extreme, we would mi the complete primary 
stiuetari to etnulalo the recent fours < If farce of chemical 
tivluiiuue. 'iriisomible inferences n.ight be drawn from 
[e.s eoniplete evidence ol structural individuality, bard 
to evaluati in advance: linm'i.'iwit)’ in moleeular weight 
or end-group analysis, crystallinity •. or sharp fractionation 
1>\ any other pi oeeilun A sharp X-ray diagram ot a 
liotero|»ol vmer sample could imply its unfix idiinhly long 
In-fore it hod yielded to full analysis. . 

Other partial measures of great utility include the 
set, ,imi of tin, polymer by sju-eitic reagents, especially 
en/yuies. to gi\e a patleni ol characteristic fragments 
(the |ioly|H-ptide ‘Ibigerprint I. , 

The enderlying genenvliwition is 'moleeular special ion . 
( ‘hi ■Mliigeiiie si ut la *sis ol niariollinlecule* slliaihl geliel.lti* 
a eout ue. mu ol nearly eipupixifslble loniis. lhogeny 
rliiHiss a few of these mid geni ;.i’es a shatply ilixon 
Iiiiuiius pely iliseii te s|s , ctium. that is. it specimen. 
Special mu cun Is' diweiiix! I»v ituiny eiensuies. lor 
example, the ilisti ilmtiou of moieeuhir weight. I litis a 
sample uuiler analvsis by a sophisticated instrument 
imgl.l I'eyeal a >.ie ol i. u |H»ly peptide, containing about 
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Anal«>tfii<'« otmj>l*\r* 
•nwrtiv., if on tax) lut 
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l»NA : 1>N A ♦ t|rn\\ inn |ro> 
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trtpluapiiiitcf 

t'otlagrn unUtgin mb-umu 
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unt rltrinirul •nrim 
foreign to thf trai ling 
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^cruin nllui* tin . hormorna 
toxin* 

IVnii'Mtrt nutrnnt* ami 
nn i.iiMiliii « tor tmna|M>rt 
In iiiul out n| orfl. 


u billion (a thousand million) atom* of iron, v irtunlly all 
tlio iron-polypeptide consist* of a single apecic*. that is. 
almost all tho molecule* huvi< 2.II3H '•nrbon atom*, no 
no loaa. Aft or removal of iron anil porphvnn. 
i-ciual number* ot sub unit a coutaimng jnat and l’„, 
aro assayed. It uouM be ililHeiilt to rseaiH' an iiIIiihioii 

to lif» alter a kiiiuI with the r<i| 1 .1. 

that ha* just been described. 

(fit l uiictiaiuit nunlyti*. The adaptive values, the tis.y. 
that InoL'eny has discovered for some species of mneio- 
molecule*. reveal short eiits to their singularity. Tlunc 
fiinetious am all nslurilile to a struetural spccitirutiou • 
the Htereospeeitieity ol the polsmer in reacting with other 
liioleeulea. 

In this list, till* eii/.y mat te tunetions are purl irulotlv 
promising in the li^lit ol their s|ieeifleity and ninplifyiug 
capability. .Many enzyme* have turnover numbers ot 
l<l* aubslrate moleenles sec cii/Ainr llioleeule. II suitable 
preemsors (nutrients) eat! In ih-lincd. integrated enzyme- 
►•spienees or metaUilie system-, like respiration or photo- 
av nt lieai*. extend tho versatility ol this approach. 

'I'he simple) i lie lev e|, the more likclv lire we to liml a 
"letuliolio analogue oil Mars, lor example. for tin- .wnimila. 
lam of eleni'ait ary nutrient-, r. V. n. s ,.r p. into organa- 
nioli-euk-s. The next more complex inoh<ctil<-«. Il.tt, 
fO,. and t> ; and Ml are the most p..rvastve iiietulHihtes 
ol terrestrial lib-, and the choice among I la-ill for searching 
for evidence of their conversion into other com|*>iiials 
"ill lllill Illy Of| i li-tniiiii |||iil roil4iilfi.it hum. Iii 

general, the more complex the mvtaliolitc Issng test.sl 
th- less our prior expeetalam that it was part of uii 
cxtriUeriesirml hiogeiiie sysi.au However, the cumplele 

system Olfi-rs I lie largest amplili- It ion a single 

could grow aial uiultiph into tonnage masses in a few d tvs, 

Ian might m ain the maal muaoiiag demands ot ii„ , ,, 

virouinent. 
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Morphology 

Hiogany rapidly elaborates higher form* ot organiza- 
tion: cell*. tisane*. organism*. population*, which 

imKlit ho recognizable according to their own lonn* 
and to their recliticatiou* of tho environment. However, 
what systematic rules distinguish hiological forms in 
general 7 Some forms are recognizable, for example, a 
friends face, and recognition then contains many bits 
of useful information. Compound vesicles, apparent 
cell*, are most inoseap it.' « in morphogenesis; their absence 
would at least set an upper limit to the stage of biogeny. 
Their presence would be oxtrer.elv provocative, but 
properly would raise many scepticism* of chemogenic 
artefact. Nevertheless, esobiology has so many roots in 
morphology that we eould scarcely ignore the insights 
that our historic practice of it would offer. Any recogniz- 
able forms would provoke tangible and hence useful 
working hyjHith.^o's of the Martian system. 

gome aspects of morphology eon be systematized. 
As an example which might illustrate speciation. ultra- 
•tructural »|Mcinn» in th© rangi* of *J0 500 A cotilii i>«* 
deteeiod bv powerful optical (electron microscope. X-ray 
difTractionj as well a-* separative teclumpies. Approaches 
so cogent to esobia! ultras! ruetvtre must play on important 
part in exobiology. Unfortunately, we have little empiri- 
cal basis to prejudge the morphological detail that might 
he exhibited bv an infra-hiogetlic planet, since so much 
of the chemical diversity of Karth has been pre-empted 
by life. 

\* is well known. flve-fold symmetries arc anal hemal ic 
m‘ crystallography. Hence, regular pentagonal and 
lod.-cii'.cilral forms might occur as elementary units, for 
ex.uupl--. jKThups a ferr.M-. n-. but no simple law ol crystal 
groutli could account for their ocrumiico in diverse 
s./, si. V glen ol periwinkles has a deductively simple 
signature of lilc. 

Signals 

So Ijir ; have tacitly assumed that whether or tint Mars 
|n W achieved Inogeny. it Inis not (Missed to co.j.ogcny. 
IWtion to the once Iiolorioiis Ki hmp.irelli.ui rmial, may 
.tccouttt for a |iosition which lias no rigorou* basis. 
Tiu-. we have had no sciciit ideally admissible sign el 
intelligent aetivilv on or communication from that 
planet! However.' we can only fancy wh-th-r mi exotic 
. .lino- would h.i\ - eitli-r th- means or the motive to 
i*th*ct Kvogmzahle communication- h *- can g.'iieralizi* 
that the works ol cognogetiy would constitute the most 
■it . 1 , t luig uuld.-lih.MMK one* ption* to biog.ny and . Iiemo. 
geny alike. 

It I, no trivial exercise to sp-<ula!e how un could most 
10 
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compactly sunmiori/.e mu arii-ulitic culture. for example, 
o ili norintton ol UNA and our imuiio-rtci.l* could i«»rtri»> 
the convergence of j>l»\ meal and chemical idea* m biology. 

and not if the least predutnhle *»|H-ot« of rsob.ogrny . 1. 

XV.. could but .lo u. a detail »l the inierncuronrtl «> imp-' 
iui. 1 tin- evtoarelnt eel lire of I In' eembrid cortex would go 
even farther. How nnicli of our cognogeny wool. I then 
l«. d.-ducil I.' from those fort* and our awareti.-** of thmi 
Purposeful emission* «'o*t enough mom than mere 
Imt.ning Hut* wo do not undertake them imiwelvoti, hut 
wo hove inn.li. casual effort* to hour them. Kurtlier. «•’ 
might hot*' to cavowlrop on the internal roiniiiuiucationa 
of .mother |ilmn-t. perhaps more likely hir licyoiid the »oln« 
system. Among other dillieultic*. efficient mtonimt ion. ». 
by delinition. indistinguishable from not*? to the unhnel.nl 

.•nviulmppi-r. . .. 

While .v rigorous .uuwer to .my notion* of Martian 
intelligmoe i» difficult. a realistic policy i» not. ‘ °f • 

nogei.v would lev. nl If in diver* way*, and. at least 

for Mm». we have no better recourse th.ui lo k.vp eye*, 
ear* and no*.-* alert for any »i|m* of it «• we nmU pro- 
gressively closer npptoiu lie* to the plnnol. 

Instruments' on 

The rational cliusilu-.it mu of .-xi*t ing iiutruni. tU. or 
thou- proposed for analytical pnir«". >«“ tn«h nsd moult 
■u. u is urgent. The real ami. a cl,i*sitlc.H ion of |u..*il.le 
instrument «, ro«|uiiv* a total Knowledge of physu-s. and 
some »v*teiii for classifying tin* information that will 
help U4 to lui.iei.t.ind ill- n-lation*hi|w mnong existing 
lift rumen. * Mid suggest new one*. A propped *CMt 
p.ir.u... ler is the energy h vel ol the t nil. -it .on h\ which 
the molecule .« recognised. Km-tlier parameter* include 
ulu Mher photon* nr. mtroducl or ...iiitle.l. whether ehen - 
leal reagent* are employed. .iielmlmg auto react .on*, 
whether the ili-piaeini.nl or '*>»•• "1 the aiiiilv*atid or ol 
the probe .» diagnostic. m l. for rtidmtinnproi.es. the role 
ol iHiw.-r, p-iUriwiti.m. pli.f. wuvr-l.ngth, or flux six-tor 
of prnlH-. The first step in a d-laiM rational./ >t .on 
i» lo determine whether any more d.i.ietuion* are need.-d 
for our matrix of p"**iblo eoiiHguratioii*. 

Itad .at ion pi.il*w an- nstiully h»iul..l. cither in »elee 
tivin Miy, ol M*i»*nivit\ ^»v. 

magnetic u.»nti>me<. hut tluv hose *j*x.al sain.- ill 
eat.]. met toll with .hell... il nag. 1.1* Alw.ipIfH 

I. v.i u»'.i«ureiiHXtt* hasc .hmunali’.l in*trum. iital an il\*t*. 

Conventional . .. .1 methods rarely tloWlire or ineosstre 

input iH.i. er better tl.m I t !.«***•• with . ..i..-|»>n.lmg 
limit at ion* to .hl.elis u . K.-r example, opt mil molar 
alforptivitv r.irelv excel. |n*m»hat I" * molar solution* 

II. . in" moh.Mil. Ill .1 I cm * colli would give the 

h.uest tfolul signal under the m..*t 

II 
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By contrast, fluorometrie measurement (which can 
exploit shifts in wave-length, tlux vector, polarization 
mnj phase) can easily measure 10* molecules and can be 
extended at least to 10*. The delicacy of excitation 
methods (which could also include chemical, nucleonic 
and thermal excitation) stems front the measurement 
of the data signal merely against a detector noise back- 
ground as compared with the much larger power lluctua- 
tions of practical probes. . 

Optical activity is also usually measured via loss of 
power (attenuation of polarized light by a crossed 
analyser): the molar rotations are relatively small, 
present detectivity being about 10 ls molecules. It some 
method of transforming optical rotation to an excited 
signal were developed, it wou'd enormously enhance tho 
power of this technique. 

The most sensitive approaches to analysis arc two-stngo 
mechanisms: the selective displacement of the anal \ sand , 
tin i a sensitive detection. In principlo, such methods 
might detect a single molecule, as in mass spectrometry: 
selective m'e displacement followed by the sensitive 
detection of an ion that can be accelerated to arbitrary 
energy. The potential information content of a mass 
spectrum is especially high since the theoretically measur- 
able mass of a single molecule is defined to a resolution 
far better than Ml*, independent of the variety of energetic 
states, which broaden other physical features. Icxisting 
instruments still lag behind theoretical limits of mass 
resolution, yet have already demonstrated their power in 
organic analysis. Further, I ho mass datum at high 
resolution for an intact molecular ion is doductivek 
reducible to a molecular composition, unlike the inferential 
data given l>v most other spectroscopic teclinii|ucs, and 
the statistics of the fragments also give detailed insight 
into the complete structure of the molecule, brom these 
considerations the combination of a mass spectrometer 
with a simple, rugged, separative device, like the gas 
chromatograph, promises to be the most powerful com- 
ponent ol analytical systems for biochemistry. However, 
a science of metrology, the orderly study ol methods of 
measurement, remains to he developed. I can have little 
confidence that the last word has liven said on this issue. 

Some Private Thoughts on Exobiologicat Strategy 

The multitude of possible means and detailed end* in 
exobiology leaves little hope that a brilliant flash will 
illuminate tin- whole picture as a happy substitute fol' the 
diverse paths of esobiology. Xor should there be any 
discouragement of the variety of talents and insights that 
would be needed in lit i v event lor l lie full development ol 
tie- subject. The overriding problem ttt planning is. of 
Course, how little we actually know about stirfitee detail 

12 
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i I . \l os s’ioiiIiI )><■ sos|H'i«Unl until onn ha\. 

[n.rposo lnlM.ra.ory for r l.oi„.ary i.im .^"O it “ 1 
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Some Comments on Instrumentation Design Strategy 
for Exobioionical Explorations 
by 

El I iott C. Levir.thal 

Program Director, Instrumentation Research Laboratory 
Department of Genetics, Stanford University Medical School 


I. Introduction 

The following notes are a first approach towards formalizing a strategy on exo- 
biologica] instrumentation. These have evolved from many discussions v/lth 

J. lederberg and, this last summer, with J. Platt of the University of Chicago, 
and. In part have appeared in various reports and papers. It Is hoped that they 
will prove useful In making the best use of the very exciting and very expensive 
opportunities to do exobiological experiments. 

II. Search and Analysis 


The concerns of exobiology range from simple search for familiar patterns to 
detailed analysis of the evolutionary history of the planet. The quest for 
signs of life precedes the effort to understand the nature of the life where 
signs have been discovered. Different Instruments may be most appropriate for 
each stage. _ 

The difference between criteria for search and analysis Is illustrated particu- 
larly clearly in connection with the question of intelligent life in other 
solar systems. At first one has to explore the complete domeinof space and 
possible communications links, asking only for evidence of non-random phenomena 
unexplainable by k nown physical laws. A positive response to such a query Is 
not at all convincing as to the question of the existence of intelligent life 
elsewhere and says nothing of Its nature; however, it rationalizes an enormous 
narrowing of the region of search and thereby allows a corresponding increase 
In the analytical possibilities. The distinction is also illustrated as follows: 
If vie noticed something moving in a direction different from the wind or, under 
a microscope, moving In a non-8rownlan fashion In a direction other than the 
fluid flow, we would expect that the "something" was "alive" or propelled as 
the result of some activity of a living system. We would call that a "sign of 
life" and could design instruments to use that criteria on a macro or micro 
scale. Motion would r.ot give much biochemical Information, however, and hence 
such instruments would not be especially useful for analytical purposes. It 
is clear that a "sign" of life by Itself Is not sufficient to answer the question 
of the existence of life, let alor.e oil the questions of exobiology. It must 
be accompanied by considerable analytical details to give an unambiguously 
interpretable answer. 

111. Evolutionary Epoch 

An experiment cannot, by definition, properly be termed exobiological unless 
It investigates an evolutionary period subsequent to ti.e initiation of the 
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biogenic epoch (see terminology in Lederberg's "Signs of Life".) Initially, 
experiments should be directed to the simplest extant organisms. The first 
reason is rather obvious: evolution must pass through this stage but may have 

gone no further. A second reason Is connected with our ability or Inability to 
design an experiment which tests a general attribute of an evolutionary develop- 
ment. We wish to take advantage of the fact that the simplest species will 
deviate least from our terrestrial experiences and will Include more possible 
evolutionary pathways than the observation of a specific characteristic of a 
more complex development. Thus, phosphate-ester metabolism as a measure of the 
metabolic activity of single-celled organisms includes more evolutionary possi- 
bilities thon hair as a characteristic of more advanced animal development. 

As the complexity of evolutionary development is increased, two additional 
difficulties arise. At any given time the extant representation of different 
levels of development are characterized, going from simple to the complex, by 
Increasing molecular weight. The logarithm of the molecular weight ranges from 
0 to 2 for the Inorganic and from I to 6 for the organic stages of chemogeny, 
from about 8 to 12 for phages and enzymes to 32 for whales In the biogenic 
realm, and begin at 33 for small attributes of cognogeny. On Earth, one finds 
that the mean volume occupied by particular constituents of different levels 
of development Is proportional to the molocuiar weight. In addition, the number 
of bits needed to characterize the attributes of a given level seem to Increase 
with level roughly as the cube root of the molecular weight. For example, an 
optical instrument landed on the surface of the earth with a limited lifetime 
would only be able to detect small organisms because of Its limited field of 
view. At an increased altitude, with corresponding increase in resolution. It 
could find larger species. Presently contemplated orbiting telescopes have 
the field of view but nowheres near the resolution to unequivocally define even 
the largest artifacts of cognogenic development. 

Early landed experiments should thus emphasize the search for molecular con- 
stituents of biogenic development, as most suggested experiments have. Another 
point should be made. As soon as a positive statement can be made about the 
existence of life on a particular planet there will be a divergence of Interests: 
biochemistry versus social Intelligence. 


IV. Diversity and Flexibility 

Mo single, unique exobiological experiment can reach all these goals. The 
experimental oppor turit Ies for the next 12 years are the six oppositions of 
Mars from March, 1 965 .to December, 1975- The 1965 19^7 opportunities arc 

associated with whet are known as the Mariner missions and the last four with 
what are known as Voyager missions. They encompass instrument weights from 
pounds to hundreds of pounds and data link capacities varying from bits/sec to 
thousands of bits per sec. Viewing all six opportunities as one large experi- 
ment, what arc the optimal Instrument developments which take accou.it of tho 
integrated risk? One extreme of the strategic possibilities is to build all 
the required diversity and flexibility into one large lander. It would Imply 
postponing a lander until the Voyager series, and preceding It by fly-by and 
orbitcr missions which would serve to narrow both the geometrical volume and the 
range of possible physlcol and chemical properties throughout which the lander 
must search. 

One can visualize a lander consisting of many modular instrument components, 
the permut'^ions and combi nations of which could perform a large array of 
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experiments. The addition of a general purpose computer „ould,cnhanee^ 

analysis and logical decisions. Sue ° weirhing 32 pounds and with 

ponents, approaching the capacity of an IdM WJ, ' ^igh.ng ^ £° U " doto link , 
a 9C0 cubic Inch volume - Is already under dove lopment. A ^ 0 , CO(Tiputors 
using the transmission capacity contemplated, would permit terres 
and human Intelligence to intervene in the lander exper with I poll 

clslons concerning procedure. Such a concept is not o. y P • c Ucve that 
be planned for (see Long Range Program Recommendations). But to ^ 

one such grand experiment will answer all question qd biology far 

r^rruS.r* of 

a scries of loader experiments! This Is an ex tremely^l fflcel. strateg ^ ^ 

^riha oUmon, «, «-«<• » 

p°aa now for this and reorient the NASA program accordingly. 

This choice "—justified l. s r ^nts -^extreme losophy 

^Planning n« £ such complex ^Uy^nd Ibe 

start with such complexity overestimates both our h y investigated, 

success of orbiters In narrowing the range of posslbM Itles^o ^ Jnstr ^ ent 

With too limited a knowledge of ^hc parade hiqhe /overall contaml notion 

could have a high failure probability, 9 Wing a higher o t fQ( . 

risk for the total program as well as a greater expend 
results achieved. 

These extremes do not exhaust the reasonable possibilities. We might plan to 
land an Instrument when: 

A. Sterilization criteria can be met. 

B. I0 4 to I0 5 bits of data can be transmitted to earth accomulated over 
a 24 hour period. 

c Five to 10 lbs. of Instrements can be landed (not including power 
supplies, data processing, and telemetry). 

0. Some diversity can be achieved. | ^enainly more th" 

possibilities for future 

exper i men tat ion. 

- u,:;.s; r.-r,; inrs izsszzsx*- 

os possible to the environment of Mars. 

The Importance of sterilisation In this enumeration cannot W-.rjt.ud. ^ 
uncertainty with regard to meeting any criteria sc to sterll- 

JTh; use of probes to gather data about 

a limited number of parameters. 
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It Is unlikely that one could get experimental verification that sterilization 
criteria arc met for a complete procedure from construction to mission comple- 
tion, although this might be established for one element of the procedure such 
as heat sterilization. To generate confidence in a sterilization procedure, it 
Is essential that a sterilization facility be built and actually used In connec- 
tion with a mission which allows Its performance to be tested but In which its 
successful performance is not critical. An earth orbitcr con t, designed or an 
existing orblter modified to simulate the constraints of a Mars mission; this 
would allow one to test the success of many of the sterilization procedures In 
orbit and. In addition, would permit a test of one's ability to make a sterile 
recovery on earth of a capsule. The success of such an experiment, ar.d the 
existence of a sterilization facility, whose procedures and efficiency of opera- 
tion could be observed, would Increase enormously the confidence of biologists 
that the sterilization criteria could be met. 



The other criteria for a small instrument payload containing biological experi- 
ments for a survivable landed capsule could be met In time to take advantage of 
the 1 So 7 opposition. In addition, fly-by and orbiter missions should exploit 
each opportunity so that a complex Instrument could provide a detailed analysis 
by the completion of the Voyager series. 


It would be Illusory to hope that everything could proceed In such an orderly 
manner. On the contrary, the unexpected Is to be expected: the most vital 

planning is for the uncertainties that are very much a part of this endeavor. 

This raises the issue of flexibility. It relates to Individual missions as 
well as a set of missions. With regard to the latter consideration. It is 
desired to use the knowledge acquired in one mission to determine the experi- 
ments of the succeeding mission. Since there arc about two years between 
opportunities, and the travel time is six months, there Is only an 18 month 
period in which to change plans between missions. This Is a very short time. 

One must plan for the required flexibility by designing a series of Instruments 
or modular components which can be permuted depending on the latest Information 
acquired. The space craft design must also allow this flexibility particularly 
since changes in it require the longest lead time. While for any single mission 
a modular design will add weight and power, when estimated In terms of useful 
results over a scries of missions it might prove most economical. Another 
alternative would of course be to space the same six missions over twenty years 
Instead of ten. One should be wary of assuming that this alternative Is less 
expensive. Considering the large fixed expenses In sustaining a program which 
are independent of the number of planetary shots per unit time, spacing out the 
program could Increase the cost per unit of achievement even though the cost per 
unit time decreased. - 

Flexibility Is required not only because of new knowledge gained from previous 
missions, and for a single complex Instrument with the logical apparatus to 
make multiple choices, but also because cf unexpected difficulties or even oppor- 
tunities, due to unplanned variations In payload. Such "emergencies" are an 
Inherent part of today's space science and should be taken account of in the 
initial engineering concept of a set of Instruments. For example. In the arrange- 
ment shown In the diagram, two sets of modular units give a large set of payload 
possibilities ranging from a minimum of two modular units, one sample acquisition 
unit and one assay unit, to multiple interconnections of all six units. 
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The significance of optical activity for the recognition of life is too 
well known to require further amplification. Ac documented in the attache.) 
paper by Dal pern and Uesttcy, a method is available whereby important metabo- 
lites like amino acids can be scanned for optical activity with vary high sen- 
sitivity, the detection of 100 nanograms being rather easily accomplished (not 
unreasonably sensitivities down to 1 nanogran should be achievable within the 
general state of the art). This method depends on the coupling of an optically 
active reagent, such as L-M-trifluoroacetyl-prolyl chloride, to the amino acid 
ester. If the amino acid is racemic, two diastereoiseners , the L-JJ and the 
L-L dipeptides will be formed, end these often prove to be readily resolvable 
by gas chromatography. The reactions involved are quite straightforward, run 
smoothly and quantitatively, and can be automated quite readily. The { same 
approach should be easily general lead ‘o other optically active species, organic 
acids generally, ns well as alcohols ar.d amines, and is being explored 
accordingly, especially for applications to carbohydrates. Besides their abun- 
dance and multifarious functions in the cell, carbohydrates have the advantage 
that methods are available whereby they can be degraded to a unique, asymmetric 
compound. This would make it possible to test the whole genus of carbohydrates 
for net optical activity without needing to specify exactly which sugar is in 
question. 

The work with amino acids does point to this limitation, namely that if a 
vide variety of organic molecules are present in the sample, the gas chroma- 
tograph would not be easily interpretable, since any two peaks might be re- 
lated dias tereoisomsrs , or totally unrelated molecules. This difficulty could 
be circumvented in principle in several ways: 

s 

a. a two-stage separation, the first without the introduction of an 
optically active probe - for example, trifluorcacctylation; then each fraction 
would be tested by resolvability, using 1) and T. reagents separately end togethe 
prior to the second stage. This is clumsy and may be difficult to implement 
without raccnization. 

b. a single stage reaction run in parallel with D- and JL- reagents. 

This may suffer from calibration problems circumvented by (c) . 

c. a single stage reaction with ratio-detection of D- and L-complcxes. 

For example, suppose we prepared the cr.anric.ieric reagents with differential 
labels, for sake of argument say levo -triti; m and doxtro-C’* 1 ’. After coupling 
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to the mixed target material, the produce is Chen chromatographed. IVc cl.z.i 
c ymcetri.cnl target molecule, the 3 1I/ 1,| C ratio will remain uniforrt in a single 
peak. However, if an optically active asymmetric molecule is encountered, 
and gives rise to resolvable diactcrooLsomers , the tritium will be concentrated 
in one pock, the C 1 ** in another; that is to say there will be a swing in the 
ratio of the labels to one another. If the target molecule is racemic, two 
peaks will also be formed tone containing JL-IJ plu.i D-L; t:isa ocher h-h and 
D-D) but the label ratio in each peak will remain constant. Therefore, c''er. 
when a wide variety of substances may be present in the sample, the ratio 
recording of the chromatograph output will be influenced only by optically 
active species. Overlapping peaks will interfere only insofar ar. they attenu- 
ate the shift in ratio by diluting the difference in label. 

This approach therefore requires the fewest assumptions about /- thc speci- 
fic molecules being sought; naturally, there are technical considerations cn 
the choice of a variety of reagents end columns best suited for different 
classes of substances. 

Tritium and C 1 ** were cent lone i as differential labels only for purposes 
of illustration, though they might well serve for certain purposes. With 
halogcnated reagents, only one radioactive isotope ney be needed, electron 
capture and other methods giving excellent detection of total material. 

Other ultrasensitive techniques, such as neutron capture methods, alpha-par- 
ticle beckscattering, and so on, also suggest themselves. The greatest 
utility might be found from mass-spoctrome trie detection, c.g., with 0 1S 
labelling of the trifluoracetyl group and thermal cracking of the chroma- 
tograph effluent; with careful choice of materials, monitoring the n/n-r-2 
ratio would give a very fast, highly sensitive recording for optical activity; 
the same instrument without cracking ccuid give the full muss spectrum cf just 
the interesting fraction, i.e., data from which to deduce Che chemical nature 
of the optically active species. 

The work already cor.a could be incorporated directly into a useful life- 
detecting experiment, namely for the properties of amino acids purely separat- 
ed by another sub-system. We propose to continue our investigations on re- 
finements along the lines indicated then would yield a system giving a general 
approach to the detection end identification of nir.uce amounts of optically 
active materials. 


_ i _ 
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Oi-r present thinking encompasses the utility of soil snip lee of the order 
of 1 to 10 gram.’, the collection of which would involve a subsystem commensurate 
with the cerplexlty of the analyser (i.e., "as chromatograph, mass spectro- 
meter and thereon). The reagents and their handling should be manageable within 
a kilogram and a power requirement very small compared to the analyse rs. There 
should be no problems of sterilization of these reagents. If means of scaling 
down these analyzers arc found, samples of the order of 1 - 10 tig might plau- 
sibly be expected to yield an interesting result. 

Collection of volatiles from the atmosphere also deserves consideration, 
perhaps with the help of morning dewfalls. It should be pointed out that on 
the permafrost model, most of the ’ volatile' 1 material of Mars will be distilled 
or leached out and fossilized at some depth beneath the surface in equatorial 
regions. Subarctic zones roughly at the tir.es of waves of darkening have the 
best chance of surface exposure, but digging at the equator should give a simi- 
lar result - as would shaded crevices. Microorganisms might be expected to be 
most abundant between the surface a, id the permafrost and especially in the 
vicinity of such crevices. 

Consider a mixture of glycine (symmetric) , Di.-valire (racemic) and 
L-leucine (optically active) in equal amounts of each isomer. The following 
chromatograms would be realized. (TFA stands for trifluoracetyl; TFA? stands 
for trifluoracetyl-prolyl.) 


L-lcucine 


glycine 


£ plus _L valir.e 
(unresolved) 


/! ' 


1. M-TFA amino acids 
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I.-TFAi*' 


i.-ucj.r.-2 


L- valla 


2. L-TFA? peptides 


D-TFAi* 


D-valine 


Evidence of optical activity 


D-TFAP-L 

leucine 


4. Figure 2 lc 
lisure could be obtained cither by 
calibrated and controlled t:i eh respe 
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The significance of optical activity for the recognition of Ufa and 
hcr.ee Its utility for biochemical exploration needs no elaboration (Lcdcrberg 
1965), (Ulbrlcht 1962). Recently, a number of gas liquid chromatographic 
(C.L.C.) procedures have been developed, whereby important metabolites, like 
amino acids, can be scanned for optical activity, with very high sensitivity 
(Gil-Av. , Fischer and Charles 1965), (Haipcrn and Westlcy 1965 a,b! (Pol loci. 
1965) Tiic same principle can be generalized for complex mixtures by ratio- 
detection of D- ar.d L- Input reagents when tlr se form resolvable dlattcreo- 
lsomcrlc complexes with the target material. Vie now show the use of mass 
spectrometry for the ratio-detection, as well as to Identify the optically 
sctlve species. 

For this purpose we prepared an artificial mixture of D and L enantio- 
meric resolving agents, In which the L reagent was labelled with 2 deuterium 
atoms (L*). After coupling with the target material, the product was gas 
chromatographed end the peaks collected end passed Into a mass spectrometer. 
For each synr*trlcal molecule (e.g. glycine), the D and L reagents are unre- 
solved and the label ratio will remain uniform through the peak. However, 1 
an asymmetric molecule Is encountered, which gives rise to resolvable dlcster 
eolso.r.ers, the dcuteraied reagent will be concentrated In one pa-*, dlstortin 
the ratio. If the tar. t molecule is racemic (1^ h) , two peaks will also be 
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formed (one containin’ L*£ plus D L; the other plus D D) ; but the label 
ratio in each peak will remain constant, We chose trlfluoracecyl-t'niazoli- 
dlne— L-carboxylic acid chloride as the reagent, because both enantiomers are 
available (Ratner and Clarke 1937), and deuterium can be incorporated into 
position 2 with deuteroformaldehyde. Also mass spectrometrlc fragmentation 
patterns of Its condensates with amino acid esters yielded characteristic 
peaks which could be used to identify both the reagent and the amino acid 
(Figure 1). 

Figure 1 


MASS SPBCTRAL FRAGMENTATION OF TFA-TIIIAZOLIDIKZ-C- 
CAR20XYBIC ACID CONDENSATION’ PRODUCTS 
"0*1 a i. Cl*i 


S; 

Hi:', 


A yjSrOf-m-a -dcc-v, — > 


HtB) * 


cxr. 
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«* 

Fragment a 
m/a 184 


f 
"'L 

i 

cx.: 


-o'. 

L -u-M—£H—cs:m, ■ 


o A 

] l 

a-:.-ai-c-Kx-cii-ux- J } 

HC3) 


Base Peak, fragment b, M-156 


In a typical assay, the amino acid sample was esterified with tnionyl chloride- 
methanol and the excess reagent and solvent removed. An excess of the resolv- 
ing agent (L* plus D) In an inert solvent was added to the residue and the sus- 
pension neutralized with triethyl. mine. After washing with water, the solution 
was injected into the gas chromatograph and the emerging components collected 
for introduction into the mass spectrometer, by monitoring the ratio for 
fragment (c) [184:186] as well as the ratio (b:b+l) for tae base peak (M-156] 
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a fast sensitive recording for optical activity was obtained. In addition, 
the position of the base peak was also used to confirm the Identity of the 
optically active aulr.o acids present (Table) , (Figure 2). 


TA3LK: MASS ^"CTRAL ~ lOh'ITOklh'f! OF C.I..C. FRACTIONS 

CORRECTED FOR ISOTOPIC ABUNDANCE. ^ 


Molecular Weight 


L.C. 

•action 

Ratlo(a:a+2) 
n/c 1S4:1S5 

Fragment (b) 
n/e 

Ratio 

(b:b+l> 

(b+156) and Iden- 
tity of Amino Acid 

Optical Id 
of Free 

1 

28:2.5 

158 

100:8.5 

314-aIanlne 

L 

2 

1:24 

15S 

4.5:100 

314-alanine 

H. 

3 

38:41 

144 

97:100 

300-glycir.e 

DL 

4 

55:55 

172 

100:96 

323-aminobutyric 

acid DL 

5 

33:32 

172 

100 :9S 

328-aainobutyric 

acid DL 

6 

2.5:33 

200 

8.5:100 

355- leucine 

D 

7 

23:2 

200 

100:8 

356-leucir.e 

D 

8 

100:2 

184 

ICO: 5 

340-prolir.e 

L 

9 

12:31 

184 

12:100 

340-prolir.e 

L 


*G.L.C. analysis were carried out on a Milkens 6000 Aerograph, fitted with a micro 
collector and using a 5' X 1/6" S.S. column containing 5* S2 30 on chromosorb W. 
The separation temperature was 1K0°C and the Nj flow was 28 cl/nin. 

Mass Spectra were determined on a Eandix-Tina-of-Flight Spectrometer and the col- 
lected sample fractions Introduced directly into the Ion source. 


The utility of mass spcctrcmetric detection, thus substantiated, points to 
a general method for the speedy, facile detection and identification of minute 
amounts of optically active materials. Hardware for direct coupling of the 
gas chromato 0 raph to the mass spectrometer (Cohike 1959, 1952) , (chert 1951) 
was not yet available to us for this study. However, the results of other 
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Figure 2 

ANALYTICAL RESOLUTION 0 ? LABELLED IN?CT REACENT 
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wor'.vc rs suggests that the technique should thus have a sensitivity in the sub- 
nlcrograa or nar.ogran range, render In- it useful for the conltoring of secabol- 
reactions as well as the identification of accumulated asymmetric ~e Cabal - 
ites. 
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Our studies are addressed both the discovery of limits of adaptation of micro- * 
organisms in selective environments, and to the fundamental molecular-genetic mechanisms 
by which this occurs. 

Indeed we began our work on the latter tack, and have made substantial progress 
in the discovery of new means by which to study the DNA of a prototypical. organism. 
Bacillus subtilis, under conditions of adaptation. For example, it is possible to 
cut the total DNA into about 300 fragments of molecular weights from about 1 to 10 milj 
lion each, by the use of a specific enzyme called R-l. (this enzyme sees only special 
codewords in the DNA sequence). In favorable cases, the DNA can be separated by size 
with agarose-gel-electrophoresis, and some of the DMA fragments can be obtained virtually 
pure. We have been studying adaptations that involve the DNA sequences themselves, 
which alter the recognition-words for the enzyme, and thereby change the sizes of the 
DNA pieces. These seem to occur with remarakable frqeuency, and the new DNA pieces 
thus obtained result in puzzling, but dramatic, changes in the genetic constitution of 
the bacteria. In pursuing these studies, we must make routine use of electron micro- 
scopy to visualize the DNA pieces. We are also attempting to introduce synthetic, 
monotonous sequences of DNA into the bacteria, but so far without clearest success — 
the ways in which the bacteria resist this intrusion are still obscure but of the 
deepest interest. 

More recently we have also been addressing the question of the fundamental limits 
to the reproduction rate of bacteria-.-presmnably related to the limiting rate of DNA syn= 
thesis. Claims in the literature of doubling times of 10 mins, (at 37°)cannot be sub- 
stantiated. We are looking for the "fastest bugs in the world" by selection from natu 
ral sources, and so far have found many that approach 21 minutes in synthetic media, 
but none faster. We will continue to look for "fast bugs" from appropriate natural 
sources with efficient selective methods, and also for "faster" mutants that may arise 
in the laboratory. The strains we have isolated are already very interesting as con- 
venient objects for laboratory microbiology — the conventional strains grow 2 or 3x 
more slowly, with corresponding impediment to the rate of research; and it is inevitab 
that such organisms will also have other practical and industrial applications. The 
examination of these growth-capable strains will be coupled with the study of the mole-j 
cular mechanisms that make their rapid growth possible — considerations of some theore 
tical importance for predicting behavior of exobiological subject material, as well as 
for the potential engineering of organisms for useful tasks in various habitats. 
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TMs Is a non-technl cal and brief description of the work we 
are doing In the Genetics Department of Stanford Medical School which Is 
suooorted bv NA3 A , s Office of Planetary Science under grant NGH 05»020»00« t 
The search for life on Mars, the next steo of which will be 
carried out by the Vlklnn Mission, shares common goals with laboratory 
explorations and meteorite analyses which attempt to elucidate the origin 
of life on earth. Theories of the origin of the pi anets, ast ronomlcal 
ODservat 1 ons, and laboratory tests all support the Idea that the primitive 
atmospheres of many planets would lead to the formation of molecules on the 
surface of those planets which would resemble those molecules which are the 
fundementa! building blocks of all life here on earth. 

Then* Is subtle difference, Because these molecules Include 
the atom carbon, which can atttach to Itself four other atoms or groups of 
atoms# there a p e often two ways of making these molecules, These two ways 
lead to two kinds of molecules which are mirror Images of each other, much 
like the resemblance of the left and right hand, When such molecules are 
formed Dy orlnltlve Dlanetary atmospheres , or In the laboratory, they are 
generally racemic mixtures of these mol ecul es#namel y oaual mixtures of both 
left and right handed versions. However lit living systems, at least here on 
earth, because of the wav they reproduce and make codes of molecules# they most 
often are found with largely either only the left or right hand versions 
of these molecules, 

Mucn of the work of our laboratory Involves research and 
development work on chemical# 1 ns t rumen t a 1 1 on # and computer methods of 
searching lor and underst andl no these subtle differences. We have applied 
these technloues to the studv of meteorites and return samples from the 
AodIIo lunar missions, We are finding exciting applications to the studv 
of human doov fluids# such as urine and blood# searching for slqns of 
genetic diseases, The Instruments we use most often are gas chro"8t ograehs 
and mass spec t romet e r s , Gas c h r omat oqr aoh s are Instruments which seperate 
complex mixtures of compounds Into their component parts so that they can 
be analyzed more easily. The mass spectrometer breaks the large molecules 
we wish to study Into pieces and produces signals showing which pieces 
are oresent. From this puzzle the chemist can discover the nature of the 
large molecule from which these pieces csme, Because on Mars we will want 
to do these studies remotely# we work on ways to make a computer manage 
these kinds of Instruments and interpet the results. Interpet the 
results reaulres that the computer carry out the reasoning processes of 
a very good chemist when It tries to unravel the complex puzzle generated 
by the mas9 soect rometer , In trying to solve this very difficult problem of 
co'sutor science our laboratory benefits by a very Intimate col 1 aborat 1 on 
with the Stanford Departments of Computer Science and Chemistry, 

These comouter technloues also have their medical applications, 

Human body fluids are comole* mixtures of many large molecules. To screen 
many samples looking for disease or the affects nf possible dietary or 
atmosoheric pollutants on our body metablolsm# would be too formlolble and 
expensive a task to carry out without the assistance of a computer, The 
NASA suoDort»d soac e* r e 1 at eo work on these aopllcationj ef computers has 
led to a very large project we are now engaged In called SUMEXmAIM, This 
project has as one of Its «aJor goals# the applications of computerized 
reasoning in medicine, TM 3 use of computers to solve problems Is known as 
Artificial Intelligence, 

, Attached to this brief summary o* our work Is an article to be 

published shortly In t*e magazine Stanford m,d, which outlines the history 
of ou r laboratory and exolalns Its research wcrk and other efforts 
of Professors Lederoerg and Levintha! related to the exploration of Mars, 

Also attached <3 a Brochure describing the SUMEX-AIH Project, 
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Report from the President 

Shortly after beginning medical school at Stanford, 
our first-year class was invited to the home of Dr. 
Russell V. Lee lor an evening of fun and frolic. As 
freshmen, we were bewildered by many things — the 
heavy academic load, long study hours, biochemistry — 
so such an invitation was especially welcome. Dr. Lee 
fed us well, entertained us with anecdotes, and then 
spoke seriously. He said, "You will find that one of the 
greatest privileges in each of your lives is being a physi- 
cian, especially one trained at Stanford.” At that mo- 
ment the prospects of having enough energy to finish 
the first year scented dim. and that of ever becoming a 
physician too distant to imagine. 

Most ol us today feel the truth in Dr. I.ee’s prophecy, 
and we have an abiding feeling of privilege in being 
physicians and having been educated at Stanford. 1 'his 
feeling is cpticily personal, seldom mentioned, and cer- 
tainly not lobe misused. With such privilege, however, 
must go a sense of responsibility to one another as 
physicians and to the Medical School. To have the 
Si iiool prosper and thrive by produc ing better and bet- 
let physicians is a fine compliment to each ol us. In this 
age of cynicism, pointed so often to our institutions, it 
becomes especially important that we muster and sus- 
tain a spirit ol enthusiasm. 

Our school is ideally located, beautifully equipped, 
and stalled by superb scholars. The hope of virtually 
every medical student entering Stanford is still to be- 



otne a fine physician. Today he is more privileged than 
ever because of the ino edible competition simply to 
gain admission to a School of Medicine, particularly 
Stanford. 

If this student is, in fact, to feel this sense of privilege 
and mutual regard, there must be a substrate atmo- 
sphere that engenders such a spirit. We. as alumni, 
must be at the base of this spirit and must feed back 
to the School as much enthusiasm as possible. 

There are tangible ways to express our feeling of 
privilege by sustaining a high regard for one another 
and the School. If there is a diminishing feeling of re- 
gard, then the reasons lor it should be made known to 
the Alumni Association and changes should ->e made. 
As physicians and alumni, we should keep our lot vigor 
tins, responsive, and constructive to the continued pro*- 
perky of the School. So, let us not be consumed oy 
cynicism, but rather strengthened by enthusiasm. 

Robert E. Berner, M b. 'l l 
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Walter Clement Alvarez: 
Physician Extraordinary 

In this interview, a famous physician-philosopher 
talks about shrewd diagnosticians, little strokes, 
mindless medicine, and doctors who use long words. 


T m i oi k-story in ii.hing, its exterior charmingly 
ilei mated in black marble, is an anachronism t" 
the huge model i! skwiapers towering over ii on (.hi- 
i ago's bliss Mulligan \veinie. Hut ai the top ol some 
long stairs, closed temporarily lor repairs, is an office. 
You re.u h ii In a small elev ator instead and are greeted 
In two polite secretaries who announce. “The doctoi 
is expecting sou.” Non enter and find a man seated in 
a leather thaii before an old wooden desk, cluttered 
with manuscripts, journals, and newspaper clippings. 
You look around anil see walls bedecked with im- 
pressive diplomas, books, awards, and photographs. 

Ilowevei imposing this image may be. it takes just 
a moment to discern disorder even where — books, 
journals, and old newspapers stacked on chairs, on 
tables, and on die lloor. Yuli gel the til ling you diiln t 
just walk into a doctor’s office, hut a scene from Hen 
1 lei Ill's Page One. 

1 he malt behind die desk is \\ allei ( .lenient Alvare.'. 
M l)., an iniei nationalh known authority on the physi- 
ology and diseases of the digestive trait, former medical 
sthool prolessor, atiihoi ol mans books for the profes- 
sional and the human, famous syndicated newpaper 
cohunuisi. histoiian and philosopher, eilitor emeritus 
ol Modern .Urdu me, and Iasi surviving memhei ol 
Coopei Mediial Oollege. ( dass ol I IN la. 

Mian/ mined W I.i'i July. On dial occasion the 
Hiain Research Foundation ol die l ’Diversity ol C .hi- 
(ago bestowed upon him the (.olden Hiain Award for 
his distinguished siieniilu aiiomplishments and lead- 
ership. I le is a healths looking handsome man. over six 
feet tall, with thinning white hail, t h it k rimless spec- 
ial Ics, lii nail shoulders, i lean features, and an engaging 
smile. Mi hough he looks Si andinas iau. his ancestry is 
Spanish and (.el man Mv.ue/ 'peaks with i andoi . 

■ | damned nearls Inn t myself seiiotisls.’ hi said, 
pi >i in ing in a bruised lilac k eye. \ i on pie ol day s ago 
I fell and ms head stunk the comet ol the desk. File 
lelt lens was shattered. Ii s a miracle I diiln t gel any 
splinters into ms esc." 

lie smiled and said. "Do sou i falls want to know 
what happened? 


“I think I had a little stroke. Many people over 50 
have them. Nine out of ten of these little strokes arc 
so mild, they leave no residuum." Alvare/ said, matter- 
of- fact I v. He went on to explain that some 10 years 
ago he began researching the subject because he recog- 
nized doctors did a poor job in diagnosing little strokes. 

"I found either nothing or sets little in the medical 
literature," said Alvare/. "In one book I found eight 
lines. In another hook ol liOO pages on diseases of the 
brain I lound Ml lines. The subject had. for the last 
centurs up to about 1950. been rigidly avoided in 
mediial circles, and strictly tabooed. 

In lIMiti Alvare/ published a book. I iltle Shakes (|. P. 
I.ippincott), in lamiliari/e readers with what be bad 
learned through a half century of studs ol the disease. 

"I should explain." he wrote, "that in the past the 
patients with this common disease rarely had their 
troubles correct Is diagnosed. This is because they 
almost nevei told their physicians of the di//y. vomit- 
ing. hlaikout. or falling spells which suddenly, one day, 
worked a distressing change in them." 

Why should a gastroenterologist be interested in 
little strokes? "Actually, any gastroenterologist worth 
his salt must be somewhat of a neurologist and a psychi- 
atrist." he said. “All m\ life I have never wanted to be 
so confirmed a gastroenterologist that I mold not some- 
times gel deeply interested in patients who kepi turning 
in with abdominal discomforts or pains lor which no 
i atise could be found. 

”1 began to ask myself, il so often 1 keep seeing pa- 
tients with little strokes because they thought they 
should consult a stomach specialist- then all of my 
gastinelllcrnlngii liiends must also he seeing stub pa- 
tients. Hut whs dollies never talk oi write about litem 
in i he medical journals? 

"Willi a little thinking I got the answer. I he patient 
w ith a little stroke that has produced a constant misery 
in his abdomen larely thinks to tell his doctor about 
the sudden appeal ante ol trouble, with pel baps a woo/y ^ 

spell oi a tall to the lloor. \nd be lately mentions the 
great change in his character and ability. I.elt to him- 
sell he will talk onlv ol his stomachal he. Unless the 


Mam OKU M.D.. I 'ol.l'.So. I 



Heady fora drive to the mountainr in the IVHI'*. 
Dr. Alvayzwith lii\ mdis . Itnheit at left unit /.km ill riuhl 


gastroenterologist gets ;| hunch from the mans dull 
fare, "i asymmetrical mouth. or |hh>i glooming, ot slow 
wit, and unless he turns to the patient's wile to Ret the 
essential slots, he will not recognize one little-stroke 
patient a year." 


lege in San Francisco he bought Osier's Aeijuanimitas 
mill Othn A ihhrsses, a book Abate/ recommends as 
must reading for all tin-dual students. 

"Osier reinforced in me the idea that medicine is an 
ait. not a trade; a calling, not a business. - ' the dot tot- 
said "In an old diary of mine written in 190fi, there 
is a note showing that I was abends wondering itow 1 
(mi Id so work and glow mentalls and spiritually as 
to be til the most use to humanity and toms prolession. 

"I learned bom Osier that a fine physician should 
lie a well-educated man. with much knowledge, not 
onb ol medicine but also ol general literature and the 
pss etiology ol men and women. I base always believed 
strongb in t Islet's ill jit net ion that everyone should 
‘Inn it his own smoke.' Ii\ which he meant that no one 
should grouse and keep telling people about his dis- 
comforts." 

In his mans seals with the Siena (dub. Abate/ pro- 
claimed. he t tevet made a retnaik to Icllow mountain 
elimbcis that it was Mining, that he was wet and cold 
and hungry, or that cl iiinei was late 

Abate/ was also inlltieiueil lis (Kiel's chaplet on the 
joss o| i ollec ting the old medic a I books that ate t lassie s. 
Ibis idea slatted hint on a luilibs lie claims is still 
gising hint tin gieatrsi pleasitie. Ovet the seats his 
libtars grew, and eventually it contained one o| the 


A lvarez’s <n i tc.i testifies to how often in the past 70 
i years his instincts have been of service to medi- 
cine. patients, and himself. The evidence views the 
visitor from black frames, hung in tiers on the walls. 
Abate/ with the brothers Charlie and AA ill Mayo. 
Abate/ with the stall of the Hooper Foundation. Al 
vare/ be ing interviewed by newspaper editors. Alvarez 
receiving the 1-t iedenwald Medal. Abate/ with friends 
Allan ( it egg. Allied Rinses, and many mote; while in 
sellowing photographs a soung Abate/, even then 
portly and paternal, poses with his wile and children, 
and in atiolhei photograph is shown with Icllow liikets 
on a trip into the Sici ra. 

AAhoin does he consider as a majoi influence in his 
life and i.iieei? lie turned around and pointed to a 
photograph ol AA illiam Oslet on the wall behind him. 

I never met Osier in the llcslt. hut f lie-aid him lecture 
once in 191 . 1 , sslieti I was at II. mat'd." he said. "Hut 
lu has alwass been my Item and my great teacher and 
inspiration." 

Soon afiei his graduation from Coopct Medical Col- 
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lines! D.uxxin inlleiiioii' .mil inosi nl i lie lunik' milieu 
l»\ tin Imni'lriA ul Wm-iimn mrilii ini'. 

‘Tin i on\ iint'il dial .m\ in. in who hope' in lie tint 
niiK .1 lemlei hi liis speiialix Inn also .1 k<nkI .mil in 
icit'iiiiK tr.11 lii’i . lei I mil. anil perhaps i-ililni slioiilil 
kllnxx well I lit- liislnix nl his wilijnl N lie xc Inptilf III." 
lie s.i ill. 

Mx.ue/ viiil In- liketl OsliTs iili'.i ill. n .1 | >li\ >it i.ni 
'.In mill mi live ill. n. 1 \ 1 11 1 ii.tl I \ . lit- will lirinini' .1 phi- 
losopher. “Iii main w.i\> I ««ii, iliil lirmnir .1 philo' 
9 i>|»Iut." lu- mn.nki'il, "t'.iili tlax helpiiiK nn paiienis 

will) iluii lile prohli'ius." 

\ mi nml itn|N»it.nn inlliniui in hi' t.ueei wa% Hi. 
I- mill' Ni I mini I in s.m li.nu ism. Iii> Ni.mlmd prolf"m 
mill wlinm lit- m ill inin 1 1.1 1 1 1 111 > 1 1 i| 1 in I'.HlI .mil 10111 
plelcd hi' 11. lining in inii-iiial nn i lit i m . 

"I If was a 'liifwil anil 1 IfU'i ili.iunnsiii i.ni." Wxare/ 
m. ilK I If lau^ln nif m iim- nn exe' .mil 1-.1i' a' In- iliil. 
Ill wm 1 hi lake uif mu in in die Imix im 1 iilm nl 1 In- ( it x 
ami ( mum 1 1 < >-'| >it.i I. ami .i' |>;il ii-ni' limped In. In 
wmilil .i'k im . M li.n i' 1 li.n mrimi' w.ulillf iliif mi- 
ni ‘Wh.il is dial limp iliif ioi-‘ \ml In kepi iloing 1 li.n 
t until exeniuallx I knew in.nn 1 \ pi' nl ili'f.isf' .11 .1 
nl.mi f." 

sin h f\| if 1 if in f', '.lid Mx.ne/, luxe i.ni'fd him in 
lifU Mime lie. ill' ol 11ifili1.1l m lunik in uii;e ilu ii te.uli 
i i' nnt pi'i in In uni .ilniiu ili'f.i'fil people. Inn in 
'In iw 1 In-111 1*11 In i 1 'imlfiits a' well. I Ii .iImi think' nime 
1 Hi 11 1 'In hi lil In- 111. uli- in 'Imw iin-i I n .il 'i in li ni' p.uieut' 
who liaxe iiOoiK>uiii ili'f.i'i . 

“When I w.i' in 11ifili1.1l mIhhiI. 110 ptoh-'Mii exei 
'linwfil out 1 Li" .1 p.u 11 in w iili a 1 ntiininii iici nut' dis- 
i* aw 'lull .i' mitriaiiif 01 hx'ieiia.' In- said. “Anil xei 
w In- 11 I i'I.ii hi .1 1 f 1 1 ;i in I 'la 1 n 1 1 lo pi .11 iii f. iniv;i .1 i in* w.n 
Iliif nl I In- inmmniU't iliM.i'f' I li.nl In ilf.il mill \n 
one iii 1 nlli'Ki hail i-m mill nn- .ihniu .1 hull stioke. 
Inn w In- n 1 w cm m tin- W.i \n ( I inii I '.in pal if tit' with 

I it l It* 'imkf' mu wnk \o one li.nl nn mid me 
.1 hi mi nninniiMil'i\f epilep'V. \fi whin I li.ul li'.i 1 ill'll 
to ifioKiii/f tin- 'Miipionis ami 'iKU'- I tliesi' pa- 

V l if m ' In die Iim nil 11I . 

“I lift dial il we te.11 h mil 11ifdi1.1l 'iiidfiil' in ieu>K- 

I I i/i 'in h p.u if 111 '. amt limit- nln-ii in iim- ilieii exes and 
i-.ti' m in.ikiiiK .1 di.iKiui'i'. lexxii ini't.iki-' will he 
made.'’ 

Wx.ui/ li.iis dun in.iiix iiifdii.il mIuhiIs unw.ul.ix' 
.in- 1 tit 11 int* nut pom di.iKtinuiii.ui'. I nd.ix iiianx .1 
if'idi ill. liki- iii.iiix nl ii' inifi ni'is. wauls hi' diaKiio'i' 
ill. uli Im him h\ .1 l.ihni.Unix Kill 01 .111 N-iax ill. ill.' 
In- lApl.iilifd ' W’nlM xil. Ilf nllfii niilfl' dn/fii' nl 
ii'i' nlifti .miih "lx ami with tm dimiulu nl xsh.it 
dux i.ni 'Imw m what dux mil msi die pul it* lit wlm 
♦ hasn’t mui h nionex. 

\11nd111 iiaii n| iii.iiix if'idi iii' xvliiih xxniiii ' me 
i' 1 he ii Kif.U loxi nl wlial is 'pfilaiulai 111 iilfdii im*. 

I hex xvaiil m It a 1 11 m make lixn liio|isies. in jk-i lot til 


K-i'l him npii '. In 1 alllf II I i/e I III Ilf al I nl In pf I Ini III .111 
Kii'KiapItx m iiildnMUpx. 

“Il llliKllI hf plflfl.lhlf In 'll* I Ilf III If.llll lllf .III n| 
ili.iKiin'iiiK will) a koihI lii'loi x ami a in mil phs'iial 
i'\aiiiiit*it ion.” 

\lx all-/' i-M' sparkled with t-n 1 hii'ia'tn whin lie 
di-Mlilifil how an assi'iani iii.iiix xe.us ,ik<> hail pie 
-fulfil him a pa lit ill iflfitfil lix aiiollui dot Ini lor 
loit'idlaiimi. \umdinK m die oiiKinal di.iKiiosis, tin 
p.u ii nl had a ilnmiii diaiihf.i due in anifliia'is: Inn 
'iim lif.iliiu-m with aini'hii ides had nni iputled hi' 
linwel, die ii 'idfiil ii .i'niifd dial il pai.i'iii' xveif ii-allx 
plf'flll. dux had I hi 11 Inn li-xx In i.ni'i a 1 1 x 'Xlllplnui'. 
“W I1.1l tin- pa 1 111 11 h.i' i' a hand mi w.iiiii dial In- iiui'l 
li.ixf a m\ii ilmnid kI.iiiiI." die assisi.nu '.lid. 

“I 1 mild liaxi- hliKKfd dial ifsiileiit Ini . iiim- Iii- was 
U'iiiK Iii' pnxxii' n| nh'fixalinii and diinkiiiK and lu 
xx.i' dead lighl. - 'aid Mxaif/. “ I wn tlaxs lam. xvhen a 
'iiiKfon ifimiXfd a Mil. ill Inn liiuhlx m\ii K"i | fi. die 
diaiihf.i ipiit anil die man w.i' will and liappx." 

W i xx ini. i\ xxn m 1 nl Wiatf/'siniixfi'.iiion iiif 
idea' and loiiiflli' dial liaxi- Ihtii nlillai In 
him iIuiiukIiiuu hi' piolf"iotial laieei die uoiinii, 
Im iii'iaiue. nl pmeiiiK all pal it-m ' lirlmt npi-iaiimi'. 
When lu w.i' 'lill an iiili-in al ( ilx and ( a Him x I III' 
pilal nl Nan I- 1 ant inn. lu 11 u 1 1 In k> 1 'in Kinii'. i 1 it lud- 
1 UK hi' ihiil. Ih I limn it Kislnid. m -mp dn am if til 
plat liif. “W'lix dn miu uixi i \ i i xmu- III uiaili' ol jalap, 
phi' III Ki-iiii' n| ( alouifl. phi' an mum nl 111.11:111 'iiim 
siillalf?” lie .I'kt il. im ifilulmi'lx. 

\niinK Mxaif/ aiKiud dial 'lull a pi.ulin ii'idlid 
ill xxiaki'llillK. dfhxdialinii, and lAhaii'lion nl du pa 
1 ii ii 1 . and x\ a ■» < > 1 1 11 1 du- i.iiim- n| pn'inpi'iaiixi- ilia 1 h 
“Mx Miii;n.il ii-. 11 lu 1. iit'.if ail nl Iniut: tin as a miis.nui . 

. 1 1 1 1 1 1 i 1 1 1* 1 1 dial lu- didn’t kiinxx xxlix du- paliuil' w 1 • 
puiKfd.' Mxaif/ said. “Max aliei il.ix I ki pi -Imw me 
lliltl dial xxlun Minn nl lllf olilft and xxiakil pat if 111 ' 
1 alllf iiji In dn- npiiatine mum a 1 1 11 a sleepless 1 1 i ” h I 
on du- milii. ilifx xveif '•> xvmn mu dial dux xvere 
f.i'ilx diimvii into 'hoi k, and finished oil lix the opeia 
lion. 

“ I iii'ii I X' int 10 du- liln.iix . and aliei wti'ks nl if.ul 
iiiK. I ill mi ix fil'd that du- pi.uliif nl pm Ki HU pain ills 
w.i' a lflllll.ini nl lllf idea n| iii.iiix piimilixi peoples 
dial xx Ill'll a lad i' In laif all ordeal. 'lull .1' loillllf 
im idem in hi' iiiiliadnii into die 11 dn . In- must lie 
pit p. mil lix put ea! mu. laslinK. xieih. ami alistftilioii 

llOIM M'\.“ 

1 11 IM I n Mxaif / puhli'hfd dll' ix idi im ma inedii a I 
imini.d. ami soon iii.iiix nl die miiki'oiis tlumiKlimn the 
xxntld K-ixe in and i-iilni ipiii piiparamrx pm emu <>| 
pal Mill', toiled it ilnxvu so ,i' lo liiaki il It" ll.tt ml III. 
01 mdi 11 il mi!x an 1 iifina. 

I hi' w a' mu nl dn uni'i iim-IiiI diiiiKs I did in mx 
lile.' '.ix' Mxaitv 


I xi 1 IM7I 


> 


lie urn! nil In distills ult.ll lie lick In lie .1 lllllil.i 
liiriit.il nrril ill llirilii.il rillli.llinn. "Ii is ilitliuill In 
1111, lersi, mil whv in mrilii.il sthonk tins icath simlrnis 
In di.lgllost diseases .1 till In 1 1 ( .It I lit III. lull llo prolC'MIl 
Vji\ « s .1 single lei lltli nil how In grl .ilullg u itli | h i i| ilr . " 
hr s.iiil. "I ni insl.illi r. I .ike till' 1 \,uil|ilr nl |i.llirllls who 
must w.iii in .1 < Ini tni \ irttplion mmii Ini tun in tlurr 
limns. rs|n i iallv u 'uii i In % have In in given .111 .i|i|»nim 

lllelll. 

"II I uur .1 mi’ll it .1 1 s, I innl ilt-.ni. I wniilit like In 
lei.iin .is wise le.itlieis in the mIkihI .1 leu rltleii\ 

| ili\ sit i.uis who, in in. tin m ns nl 1 11 .11 ini-, had gained 
glr.lt wisdom. I would like llle wise teat lid In slmu llir 
sintleiiis die main advantages nl m. iking Iriemls with 
his |i.uienis .uni net ei lighting ilieni. I unulil like in see 
llir ulil-l imei gi'ing ihe simlenis .1 lew talks mi Imw m 
si. 111 .1 in. mite, hnu in liirnish .hi nllite. ami Imw in 
keep inlcresietl in the total medital smirtv. 

" \s I lemriuhri . in all lilt mm ws nl tneilii im I nevri 
lie.ml a uniil alimit Imw in si.ni mv pi ai 1 ii f. hnu 
in li\ up nit nllne. anil gel a srtirlaiv, atlil semi nul 
lulls. Mmli n| this sni 1 nl teathing toultl lie nt,otil- 
plishetl u itli \ it It niapes." 

Km main tears Vlt.ue/ has tampaignctl vigornmlv 
in pnim mil ihe meilii.il pMilessinn's slmi immings. anil 
In pelsii.ulr iliHlnis In ahamlon pr.ietiirs lllrt multi 
tin u i t hot 1 1 . 1 lis lalks .mil wi iiings mi this siilijrt 1 also 
u veal a tinii|iie seme nl hiitnnr. 

"I u 1 mi lit linn mam nl m plitsii iam." he wrote in 
Mmlt 1 n Mi tin mi . "irali/e that eteit so oltui. while 
evamiiiing a palirnt, tvr stair him lull out nl Ills nils 
In ' punning like a hiililing ting 1 li.it lias jml set'll a 
phras.HH I illir anil again ai innsiillaliniis I have set’ll 
nn Itiriitl. ihr tlotioi. when In Innml a tiinini mass 
nr a laige spleen. 01 .• huge lunpli nmle, slum imiantlv 
I ll.i I hr hail illaile a glral tlistoverv. I hi*, nl toiiise, 
alaiinnl tin patient. It'll wh.11 in.itle iii.n it-i s wnise was 
iliai the tint tot ilistnissul ihe prison without a won! nl 
lAplatialinn. 

( >hv imislv. il we plivsit iam must 'pnint.' ai least lei 
us imniriliaieiv tell I he paiimi whai we loiintl, anti il it 
is nl litilf signiliiaiite. lei ns iitaki sure we have ton- 
v iitiul ami s.nislirtl him nl this." 

In l\ in Ii is I ili \lv ale/ 1 eali/eil lh.il it \ ing in Irani 
in u 1 ili well anil t leal Is 1 mill I lie a It eineiiilniis asset in 
1 1 11 1 1 it i in I nlm liinalrlv. ipiili a lew tlminis iml.iv 
pi nil llietilselves oil llirii abilitv in me long lrihtiii.il 
Wnn|s." lie saitl. ' I lies w ill alu.ivs sa\ 1 1 it In tii'tiu nlm 
tit 1 nit 'll Im a stroke, ami mlitumi! irlinth Im hives. 

"Manv "I ns who write m a nmiilrmm wav. using 
Imtg .nut nl isi ni r umils. an Iim i| ing mu si lves into In 
luting 1 hat ur know a lot. when teallv vve don't. I’ve 
alu.ivs helievetl niv thirl was wiotig in lliinking ilut 
In 11 aitsl.n ing a pain ni s 1 1 mipl.iiiit into (.ret k. In li.ul 
throw n a giral light nil il 1 

Mv.ne/ saiil this istspniallv 1 1 in nl psvt imaii.dvsis 


vs Ii it h . “vs i 1 Ii its smttei iitirs aliuosi iiiiintrlligilile gib- 
hetisli. is a tn.inilesialion ol the piesenl ilav worship n| 
the iniinielligilile." Ilr sajil he stnfls ai the wi iiings 
nl le.iiliug analvsls hriause "ilicv vs 1 ilr iiuiiltelligilile 
gubbledrguuk. 

I 1 mil. .11 muling In \|vare/. shun l< I lie seen Im wllal 
lie aituallv was an able lotniei stirulisi ulin bn aim 
a gul I i blr pei son. a rnvsi ii . a ill t’.inii 1 . a inakei nl lama 
sirs, anil a man who lonml ii east m enmim r himsell 
dial a lunlitw tli.il hail tuine into his tniiiil was .1 "win Id- 
shaking" bit I. 

A I \ vitl / w vs links in Sail I lalii isi null |ulv 21 !. INS I. 

t His l.nliei, a naiivr nl Spain, was al dial lime 
alteniling tneilieal sihmil. Ilr lalci brtaine a govern- 
1111 ill phvsitian in Hawaii wlieie voting Wallei lived 
with his latnilv until ivni. when Ire ettth.irketl mi a 
mrilii al film al inn ai what bei ante Maulonl I’niveisiiv 
St liiMil nl Mr, li. ine. In 1 *M o Mvaie/ vveiii into paitnei 
ship in mrilii al pi.u in e w ilh one nl his ptolessni s and 
ininpleied his itainiitg in inirrnal niedii ine. 

In I *t I :t he did tesean I. at II. maul I niveisiiv nntlri 
llir gieal phv siulngisl. III. Mallei IV ( ..lllliuli. llottl 
I V I m the uni nl I * 11 !.** Mvaie/ plat lited ililrinal meil- 
it ine in San I talic isto in die alierttnoiis and did rr- 
sear, Ii ai die l niveisiiv n| Calilmttiu. Ilv M »25 hr had 

bu nine all assm i ale prnlessni ,n die l niveisiiv 

l.atri that ve.n hr atiepied an appuinltneni .ii i In 
MavnClini, as a inmuliain in inieinal tueditine. Koi 
die iiesi 2 a veals lie i.n t iul nn unit h I eseai t h in bnill 
lahm aim it’s ami iliniis. heinming inlet naiinnallv 
kit , iwii as an alltlluiilv oil the pllVsiologv and the dis- 
eases ol die digestive nail. In IH .1 1 lie hrtamr pro- 
It ssui nl mediiiiif ai dir I niveisiiv n| Minuesoia 
iMavn Kotnidal inn i lb was gi.uhiallv tetugui/etl Im 
his role in emphasizing in plivsit iam ill, inlhiriitr nl 
llir mind in plodming suilploms nl disease, die sig- 
nilitante nl allergi, and ihe l.ui dial manv peismis as 
iliev glow old, i sihlei small, mueiogni/etl strokes 
w hit h Iwtoine tuiiiulalivelv inorr impnii.mi. 

Ilrt amt lit was mil spoken and 1 1 ii it i/e, I manv 1 1 ini, 
pi. i, lilt s. Mvaie/ said he iievei lell "a nieiiibt i ol the 
(lull" al lin Mavti ( .1 i ii it "When talking in an and- 
it m r ahmil some 1 1 in it plat lit t . I hi it oust inmlv would 
s.i v , ' l lit v ’ tin so amt so. and mil 'we,'" lie said. Hi. 
Mdl Mavu sensed this, and with his usual liomelv wis 
duni and kindness lit llietl in tmilloil llle lie said. 
Hun i woiiv. Mvaie/: a i.il has in live in a sii.iiigt 
g.n i el Im a guml manv veals bt luie he is .uirplrt! as 
one nl die gang!' 

Mvaie/ ll.i . long been a studenl nl llle llislmv u| 
lin dit me and has been ninth mleresieil in hutiian 
gt'lielits. toilet llllg a libi.nv nl uvri Slid bunks bv pel 
suits who have been insane, tlippled. blind, m mini 
wist hand napped bv illness lb i t-t i tills donated ibis 

mbit toilet iimi in dit Mavo (dinit l.ibtari. 
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He lias written more than a dozen books, including 
The Met /limits of the Digestive 'Tiact (Hocbei 1922), 
.Yen mils Indigestion (Hoeber 1930). Diseases of the Di- 
gestive Tract (Oxford 1933), .In Introduction to Gas- 
troenterology (Hocbei 1910), Xcivousness. Indigestion, 
anil Tain (Hoeber 1913), The Xettroses (Saunders 1951), 
Danger Signals (lollel 1953), Live at Peace With Yonr 
X fives (Prentice-Hall 1958). Practical Leads to Puz- 
zling Diagnoses (Lippincott 1958), Mi nils that Caine 
Hath (Lippincott 19(51), The Incurable Physician. An 
Autobiography (Prentice-Hall 1903). Little Strokes 
(L.ippincott 1900), X fives in Collision (Pyramid 1972), 
and Homosexuality I s. Gay Liberation (Pu amid 1971). 

His career lias included the editorships of the Amer- 
ican Journal of Digestive Diseases. Gastroenterology, 
GP (The Journal of the American Academy of General 
Practice), and Modern Medicine. 

Alter leaving; the Mayo Clinic to retire in Chicago 
in 1950, Alvarez was persuaded to write some 15 book- 
lets designed to help laymen understand their diseases, 
and began to suidicatc these booklets in many news- 
papers. The material was so well received that 1 he 
Register and Tribune S\ ndicaic signed him up to wi itc 
lour columns a week for them. Before long his column 
was in more than 80 papers in the United States and 
Canada, and ?0 more papers scattered all over the 
world. Soon he was receiving over 100,000 letters a year 
from people who were asking him lor help and advice. 

“1 sensed at lirst that some physicians doubted if 
my writing for the la\ public was cpiite 'ethical.' " he 
said. "But soon most of them seemed to understand 
what I was trying to do. One ophthalmologist in a c ity 
of 100,000 told me that a column ol mine on eyes had 
caused over 100 people to come to him to see why their 
vision was failing, and several bad come just in fine 
to be saved from blindness." 

Alvarez's career is replete with honors from scientific 
and professional societies, including the Frieclenwald 
Medal, the highest honor awarded b\ the American 
Gastroenterological Society, lie belongs to 18 medical 
societies and has been made an honorary member of 30 
professional and scientific organizations, among them 
the Rosal Soviets of Medicine ol Fngland. the Gastro- 
enterological Society ol Palis, and the National Acad- 
emy ol Medicine ol Spain. 

Throughout his lile Alvarez has Inline! time, despite 
the heave demands ol his scientific, medical, and edi- 
torial work, to enjos hobbies and peripheral interests. 
In his youth he enjoyed mountaineering and photog- 
raphs and ever since lie was a boy he has read widely 
in ale heologs, biologs, general sc iencc, Havel, and hiog- 
i.iphs. I le leads rapidly in live languages and lias lomid 
time to travel and lecture throughout the world. 

Msarez has been blessed in his heritage and in his 
own lamils . In I9ti7 he married Harriet s. Smyth ol 
Berkeles, who was at bis side until bet death last year. 



Alvarez. Iiis wife Harriet .anil their i hildrcn.t in a 1915. 


Harriet and Walter had font children, now married 
and living in California. A son. Dr. Luis \V. Alvart . 
is a professor of phssics at the University ol California 
at Berkeley. He won I he Nobel prize in physics in 19(58. 

At 9<l Alvarez is busier than ever in his life. “1 still 
see a few patients — mainls old friends." lie said. " \nd 
there are still several books, lor the making of which 
I have gathered lac is. and now I hope I can live long 
enough to write them." 

lie spoke of loneliness, mainly at night. "But I'm 
happs to say that I'm still lull ol cnihu» : asms. I would 
hate to be without them— they make life so much 
more worth living. 

"I think life has a pmpose when a man keeps trying 
all his da\s to lease the world a little better than be 
found it. Also he i- happs il he can be doing each das 
something creative— making something that is <>r 
value." 

— St'YRos AxnRKorot t os 


Fali 1971 
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Are There Microbes on Mars? 

Stanford scientists helped define the 
life detection tests that will land on Mars, 
and along the way are adding 
to our knowledge of life on earth. 


I t is a major i nk.ma ill. it lias confronted philosophers 
for thousands o! years: does life exist elsewhere than 
tin earth? I he Greek philosopher Metmdoros of Chios 
in the Fourth Century observed: “To consider the earth 
as the only populated world in infinite space is as 
absurd as to assert that on a vast plain only one stalk 
of grain will grow.” 

Since Dr. Joshua I.cderberg, chairman of the Depart- 
ment of Genetics at Stanford Vnivcrsitv Medical Cen- 
ter. coined the word "exobiology" more than a decade 
ago, the Stanford I’uiversity School of Medicine has 
taken an active part in the attempt to solve that enigma 
— and', dong the way has gained additional knowledge 
of human life itsell. 

"Mars: the planet fourth in order from the sun, 
conspicuous lot the redness ol its light." says Webster. 
Although the School of Medicine cannot take credit 
loathe color, it has had an important share in the cx- 
plorations ol that planet. In l!)72. for example, Drs. 
Lederberg and Flliott l.evinthal. director ol the Gen- 
etics Department's Instrumentation Research Labora- 
tory, benefiting from collaboration with Dr. Lynn 
Quant ol Piofessor |olm McCarthy's Artificial Intelli- 
gence Laboratory, took active parts in the vastK suc- 
cesslul Mariner 'J. That satellite orbited Mars for sev- 
eral months, mapping more than S' percent ol the sur- 
face - . and recording for the first time a great varietv 
ol geological forms. "Mariner !• gave us enormous in- 
sight," sa\s Lederberg. Wall-size computer-processed 
pictures obtained In ihat satellite decorate the hallwav 
outside the Instrumentation Lab on the ground Hour 
ol the Medical Gcnter. 

I lie next step, which the National Veronautics and 
Space Administration calls the Viking Mission, will 
attempt to suit-laud two automated science pavloads 
on Mars. Ihe plan calls |o, two spacecraft to he 
la it in licit It om Kettnedv La tun h ( enter within a mouth 
o| eac It otlic i in mid- 1117*) and cruise Kill million miles 
through spare for nearly a ve.it bclorc teaching their 
destination. Then landet insirumenis will examine the 
sitilace lot tnic loorganisius, oiganic lompounds. min- 
erals. cptakes. magneiic dust, and gases. I he general oh 
jec live, at cording to \ \S is to “obtain sc icniilir data 
vvhicli will significantly increase out knowledge of 
Mars, with patticul.it emphasis on ptov filing infoi illa- 


tion relevant to life on the planet." Dr. Lederberg is 
one ol seven eminent scientists on the Biology Team 
which has devised tests loi lilc based on photosynthesis, 
metabolism, and growth. l)i. l.evinthal is one of seven 
members ol the Imagery l eant which has devised a 
stereoscopic pair ol cameras to scan the siirlat e and 
skies. 

Stanford's involvement in the Mars missions dates 
b.u k to December 1 Then, with the help ol a small 
starter grant from the Rockefeller Foundation, and 
later with extensive suppott from N \SA, the Depart- 
ment of Genetics entered the field ol exobiologv — lav- 
ing the groundwork lor the experimental study of the 
existence ol characteristics of lilc t bat may have evolved 
on otliei planets. 

Speaking in l!Mi(> at the first international space 
science symposium in France. Lederberg noted that of 
the other bodies of the solar svstem. Mars presents the 
highest probability ol sustaining lortns of life compar- 
able in any way to those we recognize on earth. Par- 
licularly. he called attention to the presence ol appt en- 
able amounts ol carbon-containing compounds such as 
those from whic h lilc on earth is construe ted. Lederberg 
noted that exobiology oilers a uniepte. tresh approach 
to the problem o| the origin ol life, and that microbio- 
logical analysis alfords the most promise for detecting 
the presence ol life. At that time he suggested a micro- 
scope-television combination as the most efficient sen- 
son instrument. 

The Biomedical Instrumentation l.aboratorv was 
founded in I Dtili. with Dt . Ltvinth.il as principal in- 
vestigator, in an attempt to design devices to detect life 
oil uthei planets. N VSA helped set up the lab to provide 
tltc general experiments lot designing missions with 
the eapahilitv lor biologic a I exploration, but the itisii u- 
menis began to take on increased put poses in medicine. 
Ihe early N \S \ work led to later development of 
MAIL (Advanced Computer lot Medical Research) 
and M MI X (Stanford I'nivetsitv Medical Fxpctimcn- 
lal Computer) and mass spectroscope -gas chromat- 
ography. projects established with National Institutes 
ol Health support. Lcdcibcig emphasized that "we 
would nevet have gotten started without N \S \ help." 

I low is the exploration for lilc on Mars an appropri- 
ate situlv m a medical centet? Dr. I etlcrbcrg cites the 




T in i xiraukihx ut\ Mils vies nl Marinci ') photo- 
graphs reveal i hr knowledge si icitlists have gained 
sil 1 .1 1 ill llll'il SC.IU ll 1*1 1*\ lulls 'tlshss ll.lll suggested 

.1 relativelv simple sin lace dominated In cratered 
plains. Mariner !• icvcalcd huge i i 1 1 ■> dial stiggesi i lu- 
plauct’s interim mav he gcologiialls alive. I licic air 
liroail voliauii /ones u! extensive la\a Hums, \iolrni 
winds. giant I i.isins. ami. must st. oiling. long ill. itinrls 
Ini hundreds nl inilrs. with small tributaries ami high 
“walls" suggesting water erosion. 

Mai inn !• pul in rest some nl dir nlil \ isinns, mu Ii as 
the lamntis i.mals nl Schiaparelli and l.nwell. I'liev 
are not thrie. just as dir ieiliiinlngii.il i ivili/aiinn en- 
visioned In l ilg.u Rice Ifni loughs is not apparent. 

I'he cameras did see craters sotnr more lit. in .'ll HI 
miles across a »ili 2.M00 miles long and plunging 
20.000 I ret. volcanoes larger than am on c.uih. anil 
Mars' highest point. \ix Okmpie.t. direr limes as high 
as Mount Kveresi. Photos reveal pul.u lasers nl dust, 
vnlcatiii ash. dis ice. and wain iie. anil shilling sani! 
dunes on i rater lion) s. 

Stan lord had p.ntiiul.n interest in Mars' changing 
leaiuirs. l-'nr example, a ilaik area tesettthling a spcai 
head appeared I t ilass aliei an earlier pit lute 
showed no stiih leal tire. I n dnermine die exieiil nl 
the darkening, siienlists led the images nl the iwn 
scenes into a inmpiiicr ai die \iiiliiial Inielligence 
l.ahniatiiis ai Stanford. I'he dilleiciiccs hetiveen the 
twncame out in a third pillule diuniaii/ing die i lunge. 
I lie plintns Imm Marinci icsral as mans i|tiesiinns 
as dies answer, however. Are die changing patterns nl 
light and daik the result nl diisi shilled hs winds, or 
nl seasonal vegetation? I here .lie wandiiing ili.umels. 
Are dies lieils nl am iriu livers? Mow much tree water 
*Js asailahle in possible lising sv stems? I low ihiik are 
die pnl.u taps? 

Maiinei !• recorded winds e\i ceding 120 miles pel 
linm. with planet wide and loi.il ihisi stonii' liisim 
nienis recorded die elicit n| aimnspltet it ihi't on dc 
i leasing sin I at e irmpci .limes. Sin h ilat a could he s.ilu 
able lot uudri standing earih's i ill illation nl alum 
spline, siuh as die pnieuiial elicits nl pollution, as 
siientisis trs In prrdiit die lest I nl smoke and stung 
dial i on hi tiiggri aiinlliei lie age on earth. Mai s' 
atmosphere was shown to he composed primal ils nl 
i.uhnti dioxide with small ainniinis nl ruihon mnn 
oxide and nxsgeli I li.it icsiill litiin die pliotm hemisii v 
nl a i.ulinn dioxide atmosphere with a small .minimi 
nl wait i Mill photos icsc.llcd dial the issn satellites nl 
llionils n| Maisaiewh.il lhe\ appeal In he: old.tl.uk. 
hailcicd. euliielv iiaitiral nlijetls. 

I xpei imenis ii'lating m I i It* pmcessi s have had to 
awaii die In si soli landing, wliiih \ iking hopes in ,u 
cumplish. I lie hiologv experiments im Viking have 
had a long development. "Out hvpothesis is dial bin- 
logiial pi ik esses led to the origin nl lilt- mi c.uih.' ex 


plains Di. i.evinihal. " I he u ansinixsion nl DN \. die 
Ini mai inn nl mil la ills, the abilitv to repinihiie aie pi up 
eilies nl mulct ides dial ale die same loi all lile as 
we know ii binihemiial processes dial evolved nvei 
a lung period nl dine. . . M e are wot king with a \er\ 
n.ii low dehuiiinn nl lit mg': just those processes Imnla 
menial in a carbon based lile dial is like ours: possess 
ing i.irboii. liMliogeu. oxvgen, tiilrogeii. and water." 

I lie expel mieiils ale based on die assititipiinn dial lile 
on Mats would depend upon die same hash caiboti 
i hemisii \ that supports lile on earth. 

\n calls experimeni devised at .Sianloril Im die 
landei mission was in hml phosphatase using lloiires- 
tent techtiit|ues. Ml lile pis we know ill uses the phos- 
phorus gmiip as .hi energs siniage bond anil has some 
hum nl the en/viiie phosphatase involved with its me 
t.iltolistiv. So siii'tttists invented a process in t leave 
die bond, leaving a lluoresienl lesidue in show dial 
phnsphaiase was present. In ihee.ulv IHlilk I .ederberg. 
1 esinibal and ilicii co-workers betame involved in de- 
veloping die iiisii iimeni vvliii b multi best do this. I lies 
tame up with a device die si/e nl a milk Imnli 1 . and 
tailed ii a umliivaioi (Ini imihiple evaluator!. Ii was 
designed in sink diisi mm an opening in its base, and 
as die diisi fillcrcd dirnugh liuv ih.unbeis it would 
siitk in the walls. I In ii die ihambeis would lill w ill) 
water and lesi chcitiiiuh. like llunresiein phosphate. 

I'nllowing development nl the mull is aim . die staii- 
lord siientisis moved awav 1 1 < tin the engineering prob 
lenis in dev ising lile ileiei lion ss stents. \i hisi. teams nl 
si iciuisis were sclcilcd bv \ \x k in assist m planning 
ex pel imeiii s, parliiiil.nlv in dehne die uiliial mea- 
sin emeiits w hie h should lie made and to evaluate i .nidi 
dale ill'll mill ills Miniltct team became lespnnsible lor 
die i oil'll in linn nl iiisii iimenis. In the case nl die Yik 
ing i.itiieia. lor example, the Viking I’tojeci Olliee 
dirc'i Is the prime mission toiiiiuitor, die Marlin 
M.irieil.i l nrpniaiiou. vsltiih in I urn diiects die sub 
iunii.it mi Im i.uneia miistiiii linn, die I II Is ( ni pm a 
lion. Siienii'ls like l.edeiberg and l eviiilb.il have be 
i mill mine involved during die Iasi leu sears in show 
ing miitepis ol piniethiies. wliiih anodu i team muld 
i i'il lit i- in Usable h.udw.ne "Mosils." s.iss I eilei beig. 
"we hope in imiusale and list design miuepis an 
i ill el lei ilia I cxcu ise, so we i an make 1 1 al i'i i< pmpi is.ils 
and 1 1 ii ii kill'." 

O xi ol nil mxi iris in evolve was die l\isletll 
I’lnbe. an ass.iv bs upliial ailivils Im the |'les 
ime nl living uiganisius on a planet. Dm leaiurc nl 
mans biolugii.durg.mil ninlei nles pieseui in all living 
svsli ills i' tin ii npiii.d ailivils: this imate the plane 
nl a beam nl plane pnl.il i/ed light. Mulct lilt's wliiih 
have ibis Ik 'i.isioi aie mailt n| alums dial i.m be pm 
logclbei in innipli'iilelitais Mass, like lilt and light 
I lauded gloves. Ibis npth.il aclivitv i annul hi iilea 
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sin i'll directly beiause of till' small lot ;ii ion ol most 
biologic alls interesting compounds such as .ntiiiio acids 
;,iul siivi.ii s. So the basic 1 1 iterion is not optical rotation. 
Imt asymmetrv basal on tnolintl.it st;it istiv**: whether 
llierv is .in c«|iial nutnbei ol lilt- ami right-handed 
vi isions ol these molecules. 

\ sensitive teclinii|ue was ilevelojx'd to demonstrate 
ilw asymmetry ol amino acids. applicable to soil sain 
I ill's ot condensates from the attnosphei e. 1 In' assay 
(l)1 ,|,| |, t . extended to indicate growth In inoculating 
M.uti.in soil with chemical iont|iomuls. then analyzing 
the soil lot relative abundance ol the lilt- anil riglit- 
h. nuleil versions ol tile species. 

In their paper tle**erihiii|» the Pasteur Probe, the 
Stanford group also noted that the most poweilnl in* 
strutnentalion would combine :i gas chromatograph 
with a mass spec troineter." A soil sample, lor example, 
would be lombined with iheinii.il reagents. Mien a 
jr;is i In nmatogt aph is hist used to separate the result i ng 
mixture into its nmstiiuenls In passing a gas through 
it. The separated portions are then led into a mass 
speitiomeier. which identities the individual chemical 
components. M this point the scientists were thinking 
along the lines ol a “planet-lab," sa\s I.evinthal. I his 
was when we thought the .Saturn 3 rocket would be the 


lauiii h vehicle, and we could have Ji.OIMI pounds of 
science. With .« lab iratead ol fixed experiments we 
could make appropriate adjustments, like < hanging a 
temperature." 

Such a lah called fur computer-controlled inxirii- 
mettis like the mass spectrometer-gas < luomatograph. 
\\ tiling in P.lnT. the Stanlonl reseat chefs noted. II 
vltarai tcri/aiion ol lile on Mats is an addilion.il sti- 
etitilu goal, the concept ol a computer managed, repro- 
grammable. automated biological laboratory is the 
logit al next step. 

“Pat ticipating scientists would lie competing not for 
payload weight ot engineering support, but for pro- 
rated time oil the lompmer system. ... Such a concept 
allows for tlte bioadest possible national and inlet na- 
tional scientific participation. The scientist in his own 
laboiatnry could direct and evaluate the results ol an 
expel intent carried out on Mars. He could initiate 


I chav m l thought In hair hern formed In running wain 
in Marx' gcologii /ml is se n in Ihts mnsai, of three pictures 
„l the planet taken by .Manner This small segment of 
the channel is about l<> miles long, ami the "/hue" is 
not linear,! . from Imerr left to upper right. 




experiments anxiimc without need ol basing li.nl in 
design space qualified hardware seats earlier.' 

So Nianlord became inxnlvcd in hou in design ilir 
rnmputei w hit li i on lil .11 1 like i lie m intlist. Ntu l» •< * "in 
pulcr could lie .ill important liMMli li tool ill analyzing 
inolii.il il.n.i 01 unkuoxvn organ ii lontpouniD on 
earth, 01 il.n.i "In. linol Iioiii i nsi i n nielli s mii'Ii as llir 
mass sprniomctei gas i hromatograph in onln to de- 
1111111111 ' iniiloiil.il structure. "i to inlet protein strut* 
i mi-, with application I'm 1 1 t-.il i nii inlet! inn* diseases, 
lor example. 

I lie importance "I computers in nioliiini' was in 
creasinglx recognized. anil earlx 1 1 1 i> umi Stanford 
Si hoi >1 ol Moliiinr leceixed a fixe-xrai ledcral g'.mi 
ol million n> establish i In- first shared national 

lonipnU'i lacililx loi medical resea it It. known as 
slMIV I is pi iniaiA loins is on appliraiions "I atti- 
I it ia I inn 1 1 i^fiii r in molii inr. c mplnx ini* llir i onipini-i 
lo umi h do isions and soIm piohlons through sxmholic 
anaKsis and reasoning i.nliri than as a nmnhci raleii- 
latoi. Signilic anils . the support is Imni tin - Division ol 
Research Krsoniii's ol tin - National Instiinirs ol 
I lealtli. i atlii'i titan \ \s 

\unthrt spin-oil liotn tin- \ \s\ trsiaiili lias been 
tin' well known n il si'p.uaiot that l.cdctberg tails a 
"resounding suicess. Deulopcil with grant support 
Iioiii t hi' National liisiitiiti' ol (.tiui.il Medical s ( j 
(.-■it is, it is tlu' In si dcxiir which I'liahlt's researchers to 
take rato nils Iioiii (hr genital nil population lor 
iinliv iiln il nhscrx.it inn and sopaiation on the basis ol 
thcii Ihiori'si rut f. I hi tloviio was dovolopo! h\ Dr. 

I cottard \. Hcr/enbcig. ptolessoi ol genetics. and his 
io-woiki'is at Staiilotd. Olio ol llir most important ap 
pi ii at ions i> in iln simlx ol tin hods s imnuinr svstoni. 
helping to dr in mi nr tho i lirtuii a I and biological i li.ai- 
aitrllslusol till' dillrlcnl nils, mil llir spot i (ii Itltli 
lions t hex liaxr. I his toiilil trail i" possihlr pirxontion 
ol organ naiisplani irjrition. am! niorr ollorii'r tirat- 
mrni ol disrasrs siiih as irtikoniia and lirmophilia. 
( i Mniiiri till x r isions ol t hr srp.n a lot arr axailahlr now 
lo trsratih trams in I mopr and llir I V 

llir plauoi lab nun opt was not pi.ntii.il lot tin* 
\ ’ i k i n u Mission, it turned out. hut a small mass spot no 
ntolci gas i hinmniogtaph will hr ituliulrd in llir 


latulot package. I ho hiologx package now being dr 
xolopod will include srxrral trsts; one lot microbe 
growth in mitiirni moilia: our lot drromposition ol a 
i ailioat live substrate: a li st lot photosvnthrsis; a gas 
mriabolisin trst that will look lot t hand' s in the nnn- 
positiou ol tlillcrcni gases. 

W uxi is tut i im t mooli ol finding living organ - 
isins on Mars with llir \ ikinv> biology park 
.irc? “It's feeble. Wr know so little about the habitat 
ol Mats that Mai tian bugs would hr adaplrd to. Willi 
thr limited weight wr have lot tlu- biology pai kagr. and 
llir limited options, it is a big gamble " sa\s I rilel brig. 

lie had noted much ratlin that there can never bo 
a simple, unique, definitive detrition experiment that 
tan rovn all the possible manifestations ol life. Indeed, 
their is no generallx accepted definition ol lilt'- thus, 
no single, unambiguous “lilt* detector. Hut there are 
instruments that make a lew assumptions about the 
chemical nature ol extraterrestrial organisms, l.ile on 










/‘/in lihotnfiraph shows e.itleilce of rer\ /urge -scale deposit- 
nig b, t/tiing U'tUils mi Mn>'. Tlir hi nil resolution I'iru' ot 
thr ihi 1 7 ; legio n in the < riltn o I n hunt' i hilrr shows u’liat 
,.,-rv piobtibh 'in nirnt hi ml illirir firltis. simitar In those 
tlhit lor in in iiiol ‘iino ol I ‘iilh. I'li r '<) mile u-iilr belli is 
i ton fit "eil ol n it in noils loiin tl lines spaced about a mile apart 
l ilt stoiinhl ilnili lines me mission lint s ot picture data. 
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r.n ill is sii lit I ii i ,i 1 1 \ based mi i .11 linn and tn ili/cn water 
.i' .m inii'i.u i inn medium. Itm must these particiilai 

*| l l,, ‘‘ "I life ex civ where. o> might there 

lie .i wide langc til atomic |Kissihilitics in organisms 
on .Mini her planet? 

I he expet iuicnts me not xcix scnsitiv e." saxs I edci 
lieii; I hex might tux work in two weeks. ( 1 he liiol- 
“W' l,ml "dl moniioi meiiiholii activity tests lor about 
nxo weeks.) Ii misfit lake three months. \ls,». the tests 

will In- managed in a strange environment because we 
h.ixe disemeied Irom M.iriini !i dial it is more frigid 
and dr\ on Mars than we had expected. We loiind the 
tests slionld lie carried out at -a to -III (:. which 
woulil lie mote like the Martian en\ irotmieiii. Dm ilu x 
It.iu been designed to lie cat t ied out at about It) hove 
/i'io. So ii is leallx an ariilitial enviiomtleitl. sitwe we 
1 an i ‘lexise an e\|>eriment now that will withstand 
Itee/ing temperatures. I ngineei ing loiisiraiiiis pre- 
xeni smh ntodilu ai ion at this lime. 

I.cdcihcig leels the most iiii|ioriani expo intent max 
xxell be the tamcra sxstem. 1 he ihemital tests max 
tixoid ,i uegatixe because ol a mismatched cuviitin- 
mcni. lie 1 sax s. "while the camera records sin uliberx.'' 

bnagerx tests during the past mi miner established 
dial the camera peiloimance should exceed expecta- 
tions. Dr. I.eximhal. with die oilier Imagers ream 
m leniists, condtic led die lust cxpci imt-nt. exert ising the 

sieieoscopit mapping tapahiliix. I he stereoscopic elierl 
is at hiex ed bx alter natcly scanning die same scene from 
two 'light l\ dillerent angles (two cameras separated 
bx about 0.8 mete 1 1. I his pros itles a means ol determin- 
mg the si/,, and distance <>l objects Irom the lander 
Color, hl.u k and white, and inlrarcd channels were sm- 
ccsslidlv tested on tot k powders a limit the si/e expected 
° n Mats, bulk motion and Mowing sand could lie 
delec ted also. 

I he imaging expet intents are ex pet ted to conn ibine 
loom mult islanding ol the seasonal vaiiations in the 
sui late brightness, and distinc lions between bright and 
datk anas. Cameras will exploit- the sin lace lor ton 
traction cracks and Idling, and will scan the Itori/on 
!•» otltei planets, satellites, and stats. 

I lu te is mine concern ahum .moiliei aspect ol the 
' iking Mission. I ii hi Ik i g malls dial .diet die great 
' *•""<» of Spill Iiik. lime was much political interest. 
Inn he xx ot i ied what ii meant lot scientific progress, 
and it c .ti cl id cxplolatiou would be oxei looked. Il was 
al this si.ige dial he became couteined about tnittam 
'•'•"'on both ol Mats ami ol the eaitli il a tcturu \c 
l.itle should he dexcioped. "I lememher I. liking with 
ollni.dsol tin National Viadcmx ol Sc it ncc s about this, 
and ,u In si (hex mid me nol to xvoi ix bet, nisi pl.melaix 
investigations would not be looked at in nix lilt 
lmu ' 1 l'« Ni.ulemx lias since l iken a majoi role 

in advising \ \s \ .ibom ipi.u .inline pm. unions 
«>n I he tjuai . inline elloit. I.eiletlurg leclsth.il "medi 
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cal people ale indispensable, since problems involve 
biologic al i a diet than ctigineei ing Itinitimts. 

I lie Stanford scientists also have been particularly 
attuned to the problem ol spacctiaft steiili/ation and 
decontamination. \ surgeon's scalpel, lot example, 
must be siciile on the outside only. I he chance of it 
disintegrating during a surgical opeiation are extreme- 
lx remote. \ spaced all, however. must be completely 
sterile, at least to the extent of a probaliilitx o| less than 
one in a lltousatid that ilteie will be even a single viable 
organism anx whi le on or within its thousands of com- 
poueni parts. A lurihei mallet ol concern is the pros- 
pid o| sacrificing scientific ipialiix because o| financial 
pressure. 

\s these aspects ol the mission grow. Stanford's in- 
volvcmcm lessens. I.cdcilicig saxs that xetx little, al- 
most none, ol the mission-oriented biological xvork is 
acinallx being done at Stanford now. Wink here has 
turned to methodology leseaicli in the medical context, 
applied to patient prohieuts in the mass spent ometcr - 
gas , hiont.iiographx labs, to the molecular hiologx pro- 
glam, and to 1)\ \ reseaith. "I xohiologx and the Vik 
ing Mission to Mats is also the subject ol study lot in 
tetested students in a Ireshman seminar which l.evin- 
dtal is teaching this cpiarter. The Irishmen trx their 
hand at w riting the camera piogram lor the lander cont- 
piiici. I.eximhal has also taught ptevious freshman 
xemin its in exobiology. 

l-inaily, alter the long research for the mission, do we 
txpect to find Martians:- I.eximhal likes to talk about 
ibis: \\ e li.ix i- no reason n> think that there are people 
like us on Mars now . . . the search for intelligent life 
is another h.dlgame. \\ e tc not looking lor i ix ili/ations, 
hut lot mil roorganisuts." 

I le explains ih.il mosi o| both the universe <• !.,i ; >w-' 
"id f'b‘ on earth is made ol a lexx p.iiiiculai atoms: 
caihciu. niliogen. oxxgen. hxchogeii. helium. Since the 
atoms most iiselul lot lile on e.u lit are also in verx high 
losinic ahundauics (those atoms ilt.it ale needed are 
just i hose ili.n happen to be around). I.eximhal leels 
that ii is likelx there could he enormous numbers ol 
planets in out g.daxx with the same heltaviot in theii 
enxironmeuis. Ot hits estimate there could lie 1(10.00(1 
loa million civilizations in (lie Milks Wav. an axel age 
ol a lew hunched light xeais apart. 

I ex in i h.i I disc iisses die idea ol lile on planeis waxing 
and waning, evolving through millions ol xeais liom 
oiganic to biological to cognitive activity, and even- 
iiialix decaying, to lorm again millions ol veals hence. 

I ei flaps it is a good time lot lile noxv on earth lo pros 
pc i . hut a pom lime on Mats . . pel haps a c ix i Ii /.it ion 
on Mats de, axed some 100.000 x earn ago . . . "although 
it is unlike Ix xv c‘ xx ill In ul die signs ol a pi ex ions i ix ili 
/aiiuii. even il il existed." he saxs. "we will lie nxing lo 
look loi odtei possible iudicaiois ol lile. . . 

D x k ii xi; x D \ i i ixo 
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Can We Tell Our Doctors 
What to Be? 

The medical profession as a whole 
must assess the contributions of each specialty 
and judge where the need is greatest. 

by John P. Bunker, M.D. 


I n \ irii m \rki r Mich as ours in the United States, 
unplanned and uncontrolled mcdiial manpower re- 
sults in disti iluiiion that does not meet the nations 
needs. Up to the vers recent past, the inedie.il profes- 
sion has made no atiempi to deleimine how mans phy- 
sic ians are needed in e.u h spei iahs. noi have out medi- 
cal schools or leaching hospitals, (ileal Is, there are 
^ acute shortages in some areas, siuli as gcnci.d practice 
and pcdiati ii' - . and it is proh.ihle that there is an cm ess 
of physicians in oiliei specialties. \ paitimlarls well 
known example is that there are more neurosurgeons 
in Massachusetts lot a population ol lise million than 
there are in Ingland and Wales lot a population of 
9 fills million. Bui mans othei specialties also have a 
relative ovcrsuppls ol pin sic ians: and indeed, tlicic are 
overall far loo mans sjicci.disis in comparison to gen- 
era lists. 

In the absence ol planning, time are identifiable 
forces which determine the quantity and sarieis ol 
* -“gt at! ole specialty (residence I naming. Mu- physician, 

himself usiialls has a deal careei goal at the lime ol 
graduation Irom medical school or during internship. 
I laving paid lot muc h ol his edits at ion. he tiitdci si and 
able leels lice to choose a medical spec iahs and a 
place ol pi ad ice based prim.uils on his ossn personal 
$ preference. 

I lie soling phs sicia u s i hoic c is. ol course, limited to 
the speriiunt ol hospital ap|Hiiiuments ollcicd. I he ap 
poiutineiits oltcied ate determined, in turn, primarily 
on the basis ol the service needs ol the hospital. No 
w here does the ultimate national need lot trained piac 
litiouers eniei into the dec ision. 

I lu set vice needs ol the teaching hospitals an sets 
large, leaching hospitals provide -a percent ol the 
hospital cate in this country, and this pros ide a huge 
majority ol tin highly specialized care, such as kidney 
dialysis, open beat I siiigciv. and the care ol picmaune 
♦ ini. mis. It is the voting phs sic ians in postgraduate tt.iiu 

jug who pi os ide almost all of tin phs sic ian tnanpowei 
and much ol the skill necess.us to cans out these com 
plicated plot cdiucs. 

1 vn 1 ‘*71 
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We aie training young men and women .n a system 
w hit h is pros filing highly spec iali/cd care. 1 ots ol these, 
iiu it lent .i Its. are foreign medical giaduatcs. Ibis is 
haidls the kind of ediicalion which prepares one to 
go out into general practice in this country. 1 iris train- 
ing is even less appropriate to prepare Inreign graduates 
to go hat k to theii ossn t ounti ies. No wonder mans ol 
them 'tas heie. and no wonder most ol them wind up in 
spec iahie'. 

I inlet graduate inedie.il training is not well designed 
to pupate physicians for primary care. 1 believe that 
this is 1. u gels the lesult ol the cconoitlii slimline and 
Imam iug ol mil medic al s, bools. I )ui l.n lilt ies are made 
up of highly sophisticated rcsoarcheis and clinicians 
whose solutes of income are largely research grants anil 
the pi act ice ol medicine and. in panic iilar. the practice 
ol the medical spei iahics. 

1 here is essentially no eionomit base for the teach 
ingol medical students and specilicall' b>i the teat liing 
ol primary t.tic. I belieseth.it it is because our medical 
si bools are I muled pi im.it ils Irom patient care fees and 
lese. nth grants dial tun teat liing piogi.uiis do not meet 
the needs ol i he t ounti s . 

O m sin. tit KiysoNvtiiv sMiiirvit that whatever 
kinds ol doclois an trained. t licit services will 
lie needed. In a certain extent this is true, for it is now 
i le.u dial time is an almost unlimited demand foi 
tiled it al sets it es ol all vatieties. But though demand 
mas In unlimited, our tesounes, and panic ularlv our 
plissiciatis. ate limited: therefote. it is essential that 
print ilies In established to use these st.iite lesouiii’s 
am' manpower in the most ellectise anti edit ient mati- 
nei possible. 

No siuli i ■ niipi eheiisis e assessment of inedie.il spe- 
cially needs has been made, but one tan apprei'ate the 
maguitiitle ol die pmhlcm Its coiisidciiug the but that 
tin niimbei ol lesiileui s positions olleretl in this conn- 
tts I at exceeds die total annual uuinlui ol mcilic.il 
graduate ' i ol tin mails 1 7.000 surgical resilient ies t in- 
tends olleietl. onls about Ili.lMtU aie filled) Mails ol 
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t Ill's** posi i ions .nc filled li\ ^i.itlu.ttcs ol loteigu tiiedi- 
«.il schools; Iiiii ii is apparent tli.il i lie* medical special- 
i ics mu lil easily ahsm I > .ill m w pltvsiciatis. lcav ing iuimc 
lor general practice. 

Ilou main specialists should lx- trained mini lx* de- 
termined in light i>l ihv iiccilsol a practice of medicine 
"'hit’ll is in i lie process ol piohnuul icorgaiii/niinn. The 
film ai mu ol resiilciils imisi he geared to the long-range 
niftlic.il needs ol the country, and not simple on the 
basis o| the short-term needs ol the hospital loi an extra 
pair ol hands. 



Hi Inhn /' Him km. f>ui\r\uii "I iiiiril/irsia.isim sabbatical 

Ir". , 1 1 oin Si, ml, 10/ mill is , niting i„, of /nrvrnliir 

1 '"I ""ihnii, at II, ii. , n, I \lr, li, a / X, /m,,/. ii, mini 
ns rli, in innii „/ il„ Dr/iarlniml ol tiirslhrsia ,u SI, mini, I for 
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I lie large service element present in medical spe- 
1 'ally naming is tellected in the fan that interns' and 
n sidents salaries i in i cm Is aredeiisetl priinaiils I mill 
paiients lees. II the primary pinpnsi- is to train for the 
national need, nets' sources ol liuuls mu si In- found. 
Dean Koheii l-.heii ol Harvard has suggested that 
hoiisestall salaries lie paid by the Department ol I lea I ill, 
I' ducat ion. and Welfare, and lie further suggests that 
diis won! I make ii possible to exercise some degree of 
control user the mini bits recruited Its various special- 
ties. I believe dial only when the public pass lor medi- 
cal education can ii expect to have a voice in what 
kind', ol physic ians are trained and where they practice. 

Ms personal concern with the problems of over- 
spec iali/ation began while l was chairman of the Na- 
tional Halothane Study, a studs of anesthetic and 
surgical deaths sponsored by the National Academy of 
Sciences ten seats ago. One ol the most important oh- 
•i 'sat ions o| this studs was that there were large unex- 
plained clillf rcncc’s in |xisto|nrative death rates among 
the .’il participating institutions. This observation sug- 
gested tl.at i here are large variations in the quality of 
surgical care; another )xvxsiblc explanation is that there 
aie latge dillereiii es in the selection ol patients -that 
some hospitals ni a* iare priniarils lot sets si ( k patients 
" it h serious surgical illnesses, lint that others may 
specialize in less urgent surgery in good-risk patients. 

Data now available strongly suggest that the tlislribii- 
ii°n ol surgery may van widely, and by implication 
that the indications lor which surgerv is carried out 
may also van. l our years ago I called attention to the 
lait that there are proportion.'! tele twice as mans sur- 
geons in i in- l lined States as there are in l ngl.ind and 
M.des, and that tins do twice- as mam oircralions.* 
Within the I nitecl States we now know that there are 
'iniilai large variaiions in surgical inaii|x>wei •amt in 
operations. In k ns.is .uul in Wrnioni. I* >i example, 
t"'" S| -ites lor which detailed iulormation is available, 
tlieie are two. tlnee. and liHir-fold variations in the 
• ales at which. couur.ou operations such as (otisillcc- 
tomy. appended om v. hvsteiei lonn. and cholecystect- 
onn aie pei loi nied when one lonimunin is compared 
lo another; and it isohscivcd that die highest operation 
tales oiiui in comimiiiities while time are the most 
s.iigemis (I should point out lhai opciation rales were 
based on place ol i evidence, thus exi lulling am ellc'c I ol 
l fa v el to mi" lie a I lac i tit it's a was I mm home.) 

I lirsc data suggest either that some imputations re- 
I'ei'e KKi iniii h t m oi i ha i mlieis iiceive i«m> little, and 
some observers have iliawu die couc liision that there 
must be a large uumbei ol uimecessarv oticratious. hut 
exacllv how iiiiii h surgerv i* tircdcd loi good health is 
not known, loi no one lias vet collected die kind ol oui- 
lome da i.i required lot this judgment (data liist re- 
quested. iniiiestingly. In I- lon-tiu Nightingale more 
than UMI veals ago). 
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W hat vvr Min arc i|iuiiiil.iiivc regional ami 
national data on the costs, lisks. and benefits 
ol surgery. There are already alnindani data on the 
costs ol surgery, and a good deal is known concerning 
the risks, at least in terms ol mortality in the immediate 
|K>sto|ierati\e period. Jim there are relatively lew data 
concerning those who are discharged alive Irom a hos- 
pital. Some die in other hospitals 01 nursing homes 
and are lost from the molds. ( The Imam ial impoi lance 
ol this is suggested In Social Sciuritv records which 
show (hat as much as U5 percent ol Part \ hospital 
Medicare payments arc on bchall of patients who are 
dead a year later.) Toi those who live, there ate \ it tnalls 
no reliable and comprehensive data on how mans are 
relieved of their presenting disabilitv or discomfort, 
and how many have recovered to their preoperative or 
preillness level of function: consequent l\. it is usually 
not possible to assess the balance ol benefits in lisks as 
operation rates are extended to include increasing num- 
bers ol marginal procedures. 

Such an assessment has been undertaken, however, 
for one common and important operation, appctulec- 
lomy. I he study was ia tried out in the Federal Repub- 
lic of Germany. 1 Appendectomy rates were reported to 
be two to three times higher than those of other coun- 
tries. and the mortality attributed to appendicitis was 
also louml to be three limes as great as in most olhei 
mutinies. 1 luce-quarters ol the appendices removed 
were found to be mu mat: from this Inuling. the authors 
rule out the possibility ol an im i eased prevalence ol 
disease and conclude that the most probable reason lot 
Germany's high mortality rate i' that appcmiciiomv is 
carried out more often than elsewhere. 1 hev imply, in 
short, that when appendectomy is carried out at higher 
rates for increasingly tenuous indications, the i isk ol 
operation eventually exceeds the risk ol the disease. 

A similar conclusion has mentis been drawn by Dun- 
can Neuhauser of (lie Harvard S< hool ol Puhlii Health. 
On the basis ol the motlality ol elective Ill-mint t Itaphv, 
the i isk ol strangulation, ami the muiialitv ol cinct- 
gems operation allci stiaugulaiinn. \cuhausci pre- 
dicts that in the hands of the avetage surgeon, the risk 
of elective herniorrhaphy at the age ol lia or above is 
lour times as great as the risk ol not operating. I lie 
quest ion that Neuhaii'C! t aiscs is ol spec ial inlet est and 
impottauce at present, in view ol the but that the mini 
bet ol herniot rhaphics in the Medicate population has 
doubled since I9f>. r >. 

I he cv ideme is strong that some operations are pci- 
lortned with a frequency in excess ol docuineutahlc 
cost hcneln usefulness. Him genet al is the phenomc 
non? Do mote total opcialions actually lead to an in- 
i lease in nvclall population Ulnrialilv? I here is some 
evidence to support this conjee lure. In t. •• Vetmont 
study. \\ i unbei g has obsei y c cl a posilivesiaiislic.il as. 
sociation between operation tales and nvclall death 


rates, and together with Wcnnberg. I have recently 
raised the question as to whethet the high opciatiou 
tales in the United States and Canada may not help to 
explain the high age-spec ilic mortality rales which are 
ol so much mm cm on this side ol the Atlantic. Some, 
but by no means all. of the ditlcrcncc can be attributed 
to the gteatet incidence ol accidents, homicide, and 
suicide in this country. Is it possible that some of the 
remaining dillcrcnce may be accounted lot by the now 
well-established dillcrcnccs in numbers ol discretion- 
ary operations? 

Discretional s operations all catty a disc t ele and mea- 
surable risk ol death. The operative and postoperative 
mortality lot all operations in the Doited Stales is ap- 
proximately l.l percent (National Center lot Health 
Statistics, unpublished data). Fot discretionary opera- 
tions. one might conservatively assume a mortality ol 
0.5 percent, which il assigned to operations performed 
in the I’nited States in excess o| those pciloimcd in 
l ugland and Wales, would account lot a third to a 
hall of the discrepancy in age-specific death tales. 

There are. to date, no national or international pub- 
lished data on |»istopei alive deaths adequate to test 
this hypothesis. And even il the hypothesis is found to 
lie correct, it does not necessarily mean that Icvvcr op- 
erations (than pet lortned in the I’nited States) are 
better. Death is. altci all. only one index of the public 
health or lack of it. It is to the improvement in the 
quality ol life— to the teliel of disability, discomfort, 
and disfigurement that elective surgery is primatily 
directed. Hut the costs of surgery, measured in lives as 
well as dollars, are large, and must be entered into cost- 
be tie-lit analysis ol surgical tare. 

I s vmmi sstxc. nsrii to lilt’ costs and benefits of sur- 
gical cate, the medical profession will, litst ol all. 
need bettet data. It will need detailed inhumation on 
which to estimate and balance the risks ol each opera- 
tion against the lisks ol nonoperalivc treatment. For 
opciatiniis such as appendectomy, in which the con* 
sideratioiis are largely limited to lilc and death, the 
analysis is tclativclv straightforward. For many dis- 
c tction.i'y pi oced up s. the question is more difficult to 
approach: is the likelihood that the opeial ion will lead 
to a mote ronifoi table, useful, and icwaidiug lilt- stilli- 
i ientlv gte.it to juslilv at c epiiug t isks ol death ol one in 
a thousand, one in a hundred, m greater? 

Studies to develop this kind ol comprehensive data 
on cost-cllec live mss and risk-bcnclils ire planned, but 
they will Ik time consuming and labotiotts I 'mil such 
data an available, there will continue to be concern 
that demands lot medical and sitigic.il tare may exceed 
need. ot. in economic parlance, that the usual checks 
and balances ol the lice m.ilket do tint apply to the- 
med ic al c at t mil list l v . I he pi i tic ip.tl ilillic ultv is, ol 
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course, that i lie consumer, when lie i* the average pa- 
lient. is not an inhumed eoiismiur. lie has no vs .1 n ol 
telling }>o< id medicine from had, 01 whcihei more can 
is belter than less. 

In an attempt to circumvent this difficulty, B. \V. 

It low n, urolessoi ol hiostatistics at Stanford, and I have 
recently studied physicians as informed cniisumcis ol 
sin git a I serv ii cs.' I he siudv was can ied out in ( .a I i lor- 
uia and in ii we compared |»li\ sic ians and t licit (amiiles 
with lawyers, ministers, and businessmen. We expected 
that phvsiciatis, cognizant ol the risks as well as ol die 
benefits ol surgery, would undergo lewei ojtciations. 
Contrary to our prediction, however, we found that 
physicians and tlieii families had as many as or more 
ill. 111 die other prolessioiial groups. Particularly start- 
ling was die observation that more ihait hall the wives 
of male phvsiciatis in Santa Clara Counts will have tin- 
tlcrgotic hysterectomy l>\ the age ol <>'». 

Mans ol these hysterectomies ninsi have been for 
convenience, and 1 suspect that in.uiv would be called 
unnecessary b\ conventional medical criteria. Hut to 
die extent that they were demanded bv an informed 
patient, dies must be considered to picscttt a perceived 
need. I would suggest, however, that some of such stir- 
gets is at best a luxury, and. indeed. I suspect that a 
good deal ol sttrgers is ol a luxury variety. With the 
advi lit of national health insurance and die removal 
ol r1n.111ci.il hail iers to medical care, ii seems uulikcl* 
that we can allord to provide medical and suigic.il care 
at this level lot all. 

In die absence ol quantitative data on wltic Ii to esti- 
mate national needs lor surgical care, it is dilluult to 
s.i\ how mans surgeons are needed. We do have some 
reason, as suggested above, to assume that demands Ini 
surgical care bv an incieasingly inhumed public will 
continue to grow. 

I line aie prcihahiv already text many surgeons 10 
pioc idt c aie. even at the c urreni high tales whit Ii are 
obtained in this tommy, and ii is tei tain that suigeons 
aie being 11. lined at too great .1 late. I lie suigeons 1 hem- 
selves now recognize ibis and have begun to take col- 
lective action. Mull sell-iegulalion is a welcome firsi 
step, but it is mdikclv that ibis alone will be adequate. 
1 s.i\ this simple 011 the basis that one c aimol expcc t mix 
special interest group voluntarily to make large per- 
sonal s.u 1 i flies. 

I'lie medical piolession as a whole iniisi assess die 
relative c 01 111 i Ini lion ol eat h spec iali v and judge where 
die need is gieatesi. 1 o establish administrative met It- 
anisnts. ami to set ptiotities, will icqttire a commissi-m 
In, i.nlle lepicsentative ol the mcdital piolession. the 
teaching institutions, and the public. I lie charge to 
this commission must include tlu sepai.iticm ol teach- 
ing priorities 1 1 « >111 the needs ol hospital sc-icice. anil 
iheicloie must he 1 loselv coordinated with total medi- 
cal manpower planning. 


C om:i rnixi; fKivi\KV c uei lamilv practice 100- 
grams, I IctI that not only have we not had much 
stippoii loi this in die past, but of course the ledual 
tlollai lias piovitlcd staggeringly large economic in- 
centives in exacilv the opposiie direction. 

I lie enormous investment in medical reseat c It in the 
I 'll ,11's atli.uied 0111 lattillies into imnemlously impor- 
tant areas, anti we cannot icgict the work which wa 
done, bill it was the almost unique emphasis on this 
aspect which claimed 0111 (acuities' attention and. in- 
c viialdv. the interest <>l 0111 medical students as well. 

What we need to do now is to balance strong basic 
research suppm 1 horn the government with strong slip- 
ped 1 not just loi primary e.uc lull led teaching as well. 
Based on the data provided by the Institute ol Mceli- 
c inc and the \mci ic an Assoc iatiem ol Medic al ( -ol leges, 
the cosi of teaching a medical student is between 
s 1 0,00(1 and VJti.OOOa seal, valving with the instittilion. 

It also varies with the formula on which the calcula- 
tion is based. II a student pavs for, let us say. or 

x.I.aOO ol his tuition, and dial is all the s< bool has avail- 
able to pav lot teachers, ii is obvious that patient care 
and lese.nc It must underwrite much <>l medical educa- 
tion. 

Membeis of the factdtv are only human. They arc 
going to set 1 licit own personal primilies on the basis 
ol where their financ ial support comes from. I lies arc 
paid primarilv to do rcscaic It arc! 01 cate loi patients 
and onb secondarily to leach students. \s a icsiilt. 

I think the teaching ol students is bound to take a bac k 
seal. 

Mans students I base talked svith agree with this 
Immolation. Some ol my faculty colleagues, on the 
mlic 1 hand, seem to think it an unfair assessment, and 
ohs muds there are a laigcnumlici ol teachers who lose 
to teach and svill do so no matter how much they arc 
paid. But I think we Itase pinvided huge economic 
incentives wltic h 1 tin loiintci to the teac liing <>l medical 
students in some areas such .0 primal y nictli, inc which 
sve now realize arc in need. 
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The Total Involvement of 
William Greulich 

II is work spanned two careers , professor and diplomat , 
and his search for knowledge ranged around the world. 


H in "i timx t imkii s’” liatr Ihvii I’.s embassies in 
Britain .uni (•('■ in.nn : .1 mc<li<,il Ntlmnl in Katn- 
I K.tiul.i; linii.ni till.ii>fs: ami 1 1 ii < >-)i iin.i mins. 
Iln It. i' smeil in prc*lit(iniis Ionian tapiials as s<i 
line .lilt hot. ililftletl wm hi lu nmii/ctl It'scairll. .mil 
milieu. hi .ill. in 1I1. n Ih'i.iiiic .1 liamllmok in Ii i s licit I . 

II111 l)i. Will i.ini W.ilici (.unlit Ii sat' hr n h.nl his 
imiM Iiiii .mil Kieatest n, iiul.n 1 it hi it. n him; nirtlit.il 
NiuilrniN .11 Si .1 n It tit). 

Vm.itittl In Di. < Italics ll.nkrll Haulm ill's tvoik 
in .111. ilium, (■rrnlitli i.nnr in Si.uiltnil sonic l.'l ir;ih 
•vU* * •'* I'CRiti 'vi 11 k Int his tint li it .1 it* .mil .1 | it is| .in ir it ||. 
ini; .iNNiNi.ini in ii.atomt lit I in ainc | ii <iIcsn«ii n| .hi 
•IK'IIH ill Mill .uni r\rt Hli\r iir.nl n| 1 In* 1 Ir | >;i 1 1 lllr ill 
in M> 111 . thru ill. Iitil. linril his Ii.inc .11 st.uiliiiil ,n his 
i.iirri Inn.i, Irnril iiiiu Inirinn .mil 1 j \ i I srrt itr. 

I Ilf < .1 I'll I it l| tllllic Iml. IV. HKini 'Jl n| (Ilf nit I .it ti live 
.uni In itk Vtiiiliitm Itiiililinu. i- lilt- '.mir hr ik t ii|iictl 
in Mi'll .mil irltiinctl in iIiioiirIi ihr traiv I Ir t|iiiril\ 

I mi in n mil the IhrIi 1 e {I hirs, lintt 1 mil ii in tlm ini; .1 1 101 
•l.l'. "III'I lilt' Inililti t.llli.lgr rlill. IIIII ilnwil lllr ll.lll. 
II a ski ll. hr will ilrMiihr In n.illlt .mil unit uni ihv toil- 
1 1 ilmi it hi ilu Nt-vri.il h. iinril plmtnKiapliN mu Iii'n tlcsk 
• li'ii iin, 1 11 1 ilfNNt 11 n. iliitiiniN til .hi. in 11m iri.illini’ 
ilirni .in olil 1 1 it'tit I n. 

< • 1 til I it h "1 cl it fit 1 1 nil 1 Inn iyii sutitr .11 ihr anc 
n| Ml. .Hill I mm I it il Nil \ Itr uiih ilu- \.nin:i.il liiNljlult n 
n| llr.illli .11 Tl! Vow 7 a trai' ultl, t-intl il iin |im|t'NNn| 
<il .ui.ilnim . lit is 1 rt otpii/ol .in ,tn esput <>n hinn.m 
Ktovih .in*l 1I1 \ t'lii|unt 111 . Hr .itiixtK loiiiiniii'N Ihn 
iiNt.nth Moml.it lhroii|;h liitl.it .11 M.inlm.l. .uni Sal 
m il.it n hi s in I 1. itu NM .11 H.ti iin Mrilit .,| ( min \ In 
'I il nli 1 il Mrilit .il St inni' 

Min mritiiiR Ilu I'li l> .11 M.iiilniil in Mill, (.it u 
Iiiii iimtrtl in Y.tlr until MHO. IiinI .in .1 Kntkflrllu 
I niiiiil.il inn I rl Inn . .mil 1 lit 11 .in .innini.iiii .uul annoi i.ur 
| ii 1 ilt nni ii n| .111. ilium .mil | >h\ Nit ,i| .1 111 In 1 i|m>Ii in 1 In 
ni IiihiI n| 1111 1 lit iur. 

\i Yalr In nu;.mi/ril .mil iliinH'il ihr Mlnlt-stem 

'unit I nil. iiiii i.ii ini; |>ri.iiitt Niuilt In .main 

IIIInIn. |ili\Niti|nt>|NlN, him ItUlli'Is. |)nM Imlnyut, .mil |,t 

'Ii- I'm i.im I In imesiigatMit .ill situlit il tin '.unr tliil 

ill 1 II III lilt IlN nil lllr \ .11 ii > 11 N .|N|ir, |. Ill llllll l.l 1 1 at loirs- 
It Ilt I- 


I hi 1 i 111 ; 1 liiv lime (•leu I it h .ihn 1 nll.ihni.iirt! wiih Hr. 
I II I III ! | | IliWllN. 1 11 1 ilt'NNiil III 1 lint I 1 1 il N .Hill gt lift nltlRS 
.it Vilr. in t.iiiniiN 1 .ni ii if;t.i|ili it 'Unlit' nl 1 lie 'krlfi.il 
| «c I' i' "I I null 1 hi Ii 1 1 1 • n .uni .iituliv Mtmng otlirr 1 Ii i iii'n. 
ihrt Inimt! lluit tin shape nl ihr (finale jrclvis hat 
1 liungctl in . 11 knllt 'inn ihr niitlillt nl ihr I Hill 1 until v. 

Ihr jirltiN n| ihr tvrll-i ilt iiiiinI.iih ul tniing woman 
intl.it i' limit' 1 1 iiiin lul ill . hi th.tl ilt 'ti iln'il .in ihr imr- 
mal Iiiii. ilr pilth in ihr r.illt lilri. 1I1111 n.isn ( Iff Ii- 
iii h. I hr nmir Hal 1 rnrtl it pr t\ .in laii It I rt’i | ut'iil . In nc- 
ftu. .minii” tlinii | >at it'll) n. .111 nlnn t.iiioii ill. 11 niir- 
Ki'nIn lllal lilt nmir ll.il ictlctl | >cl t i n tir'd ihril .in 'iioi- 
mal' In railt wotkriN was tint' in pan >0 inatlrt|iiair 
1 1 1 1 1 1 it ion." 

( .it'll I it Iin iirM ' 1 1 1 1 1 in latlinRiaphit sunlit' nl skrlr- 
hi I tlttflnpiin in < .1111c villi an invitation from l>i. | 
Boswell < ..1 1 l.ijilici In pal lit ipalt ir a lout-teal 'Unit 
nl die tit trlnpiiirii 1 nl Imtsai Phillip' \t.nlum hi \ t i 
tlntri. M.i'N.n luiNtiiN. < 1 >1 . (..iIIarIiu . dim Stimnl 1 ’lit 
'it i. hi. latei .11 ( liilthui ' 1 1 < >'p i l < I in Hnstnii. cstab- 
li'lirtl lllr now witlrlt attrplril 'priiallt nl atloIrNirlll 
mrilit i nr. 1 (•tuilith tompairtl ihr ilcgier nl tlevclnp- 
mt ill n| ihr lint'' 'krlt'lnilN. ilrtri mint'll Irnill irpratu! 

1 atlingi apliN nl I licit haiuh. tt i i'lN. .mil knees. with t licit 
ilrtflnpiitK sc\ual 1 11 . 11 . n In i'n| its I hi' tvoik pitniiletl 
the I ..I'i' Ini li'i 1 11 ; 1 at I it m* . 1 J >h' nl lllr lla lit I .1 lit I wii'l 
nl 1 liilthui in .inni' " inn dieii Rutual tlrt rlnptnuital 

Nl.llllN. 

(•irulitli It Ii View I l.l\ I'll |n| ( lit tl. Hill ill MHO In 
lirt t uiit pioliNwii nl .iiiamim ami tliin ini nl ihr Ih ii'h 
I n|| III l.l I jn|| at \\ f'lcl It Ui'tltt I tlittl'llt Si IiihiI n| 
Metlit itir li.rit In inmplftrtl tin Nlutlt I hr 1111 in 
1 'inlt Nvii | \\ ints.itr I'tnltl. 1 s.uniuiiiR t hililrrii hum 

ihr age nl durr iiioiiiIin. ai ituett als nit .iniii ing. weigh- 
ing. ami taking a uiuiiht 1 nl \ rat'. 

lllr it 'till nl ihi'ellntl van a lil.ljni 1 olltl ihution In 

met lira I hcicnce Ktidlographii It liu .u Skeletal Ih 

Infiui, nl <>l tin Ihniil inni H im 1. tn.milmiri! w ith I >1 . 

' It Irll I't It . tlt'M 1 iht N iht 1 nlit rpl n| 'krlrtal ai;i . .1 ml 
villi 'tapir lit t'N nl II. Illtl \ lat. i I Itlsl I .lit' llOW il tall 
hr iilt.iNlHril. lilt Nt'lrill laillf In lit known .IN lllr 
( . 1 1 ulit Ii I’t It 1*1 < > lit lion I ahlt N, ami u iiiiitt ivallt 
iiNt tl now 

Mi 1 1 ii iiin|i . ( .1 ruin Ii iioiiN. triinin.il statute totihl 
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ncxci In known pteiiselx until ii li.nl Ihtii atlaineil. 
luhifiii e* Imm held". xteidil. anil .in*’ alum .nr often 
not >itlh« i< tit to jmlKC .1 t liild s | h > 1 11 n i.t 1 gtnwtlt. lint 
with \ i.i\ 1 \. unin. nmn nl tile hone* ol ,1 i hiltl's li.ttul 
.mil xvti*i. .1 | >li\ >i< i.« n 1.111 tell how nnnh utowth It is 
Ihtii ioin|iU'tci!, since the Itmies in. time in .1 xetx spe- 
tiln sequence. 

(.lettliih eNpailileil on this wnlk thtotl^hoill l.itei 
\e.ils o| Mse.il ill lot c\.utl|>lc. in 1**17 while it M.m 
liti 1 1 he w.ts innnnissioneil to lit. ike the Inst sinxex ol 
ihihhen who stuxixcil the .tioniii hnuibiiiu ol 1 1 i n»- 
shitn.i .mil N.iRasaki ami to lolloxx the it plixsh al Rum th 
.mil ilex elo| intent until I'.I.VJ. Winking umlet the .ms- 
piles ol ilw National Reseat < It (aminil* ( otnmillee 
on \ioniii Casu. lilies. ( .1 i'll lit h ui.ule .1 1 .nl i< »i*i .1 1 »lti» 
siin I x ol the skelel.il ilexi lopnieni ol the hands .uni 
xviistsol .1 l.itRe nunihei ol ehiliheii in the I liioxhim.i 
.ue.i. mil 1 01 util 1h.1t tlu x xverc 1 el anted in theii skele 
1.1I ilt lelopiueiit .is uinip.iieil with the 1 hiliheii in the 
l n. on whom the (.11 tlliilt I’xle standard* wen h.iseil. 

(•leilliill ilisioxeteil si .11 s on the i.ulitls o| ,1 large 
pel 1 ent .it^e ol 1 hilth t'ti studied. I hi' si.iis reflected an 
iuleiitiplion ol growth heliexeil to luxe hecn mused 
hx the iii.nli.iiion .mil other injinies xvliich the ihil- 
ilteu itn in n il .11 the time o| the hoinhitiR apptmi- 
nutelx txxo xe.its helot e the hint' were iti.nli 

We .1 Iso loutitl th.it time was .1 maikeil sexual Mil - 
leieine in the 1 xti lit to whit h tin ulowth anil ilexelop 
nielli o| the lliioshinu ami Natjas.iki ihihhen xvete 
.nlxeisi lx allei teil as .1 tesult ol the honthint;. I he hoxs 
well' mote sexetelx I ft .11 ill'll tll.lll the Kills anil it took 
tin in Ii mm 1 to inti It up. I his is xet allot Ini itnlii at ion 
that the leinale is a intuit mme elluient oiKanisin than 
the male.'* 

(.leliliill s it seaii It on skeletal ilexelopnti'lll xx.is pill 
asjili 1 1 11 a linn in I'.* hi when the ( .at iiegit* ( 01 1 ml a lion 
ol \tw \ 01 k askul hint to x 1 s 1 1 the tueilii.il sihimls ol 
Vtisti ali.i anil New /1 alaiul anil to n pm 1 on w.ixs the 
< ot poi.it ion ut ight meet some ol tin 1 esea 1 1 It am I other 
iioslw.it tieeils ol those institutions 

I \ 1 * 0 — (.teiiliih was appoiuleil to the new lx ueatei! 

post ol Siieuti \ilxisoi to tin I s limit < < minus 
siotiei |o| (.i llliaiix M 01 kiilR xx lilt the I llgli ( omniis 
sionei anil latei Vnih.issailoi 1 |amc* It. (.mum. loi met 
plesiilellt ol I I a 1 x a 1 1 1 lie sinxexcil the drslruiliou to 
siIuniIs. lihtaiits. ami mini institutions anil IuI|miI 
implement some ol theii lei oust nut ion. Dienm his 
two xi at ' then he also setxetl as 1 hail man ol the l s 
lilllialioil.il ( otillllissioil in the leilel.il Repilhlii ol 
( .1 1 1 Minx . usual lx it lit 1 til to as the I 11 1 In mht ( onuni* 
sioii In this lap.uilx. he ailmillisteieil tin lelluwsliip 
pi ■ mi am 1 01 \ nit t it an* to *t mix in ( ■• rmanx . anil (km 
mans to 1 oiite to tin- I s 

Nome xiats latei. in I ***• I (•letiliih lilt his if.uliiiiK 
at Niaulonl 1 01 .mot hei loiciRU *uxiu post, this linn 


as Niienlifu Ml .11 lie at the I N etnhassx in l.omlott. 

I le ilt-si 1 1 1 ies this as one ol the It itfli points in hi* 1 ateet . 

\ iharat tel istii Iritmnln 1 leutr* tlnmiuhmii Ins work, 
pat t it 11I.11 lx ex iileut tllll illR hi* I on. Ion assinmuent : the 
mipm taitii he plates on s t ientis's imnumuii atitm with 
one aiiolhet. whalexet theii lielils ol intelesloi po 1 itii.il 
I ies. 

" I lute was one thittK wt estahlislteil in those ilax* 
ami I ilottht il it is loiiiinueil IihI.ix which wa* hiultlx 
elleitixe Ml ol the siieutilu attaeltes limn tin x.nious 
enthas'ies in l.omlon xvouhl meet nmi'iltet lot hittilt 
exeix tin >11 1 It . I hex ini hull'll South Mtiiatis. Iltilu.it - 
i.itts. ( ./ei It*. I liniK.n i.ins. Russians. Poles, hem It. Japa- 
nese. atnl utoie. We maih a pai t not to ilisi us* politii s. 
Mi leallx k«'I to know one auoihei i.ithei well, anil we 
hail xet x inn testini; anil niuiuallx icxxaitliilK sessions 
toKi'lhet . ' he sax*. 

I he I. mm It ol Sputnik spuiretl the cincrgenie ol in- 
iieaseil .ilteillion oil the hash si n ines (.uttlich te 
tails a M a shit ml 01 1 1 at imm ol tin tittle: "It showed the 
• •hi si ii't 1 1 i st heitiK htotiKhi up 1 1 out the 1ell.11 into the 
Kox i t time 111 1 iffne " 

lint he also leialls that hasii siienie leiuleil to lie 
lot Rot ten allei the Imm ol Sputnik hail passetl. "I saw 
tin iilipoilaul Im mills ol theuoxi'inmeut am tuies tltak 
mu ax.1il.1hle utanis lot loieiun 11 axel anil stuilx to 
xounu siientists. I hose niaile it possible lot 

xotitiK men atnl woinell to meet anil wmk with Id low 
siientists in ration* pails ol the xxorlil. I he total el 
loti wa* umnl lol all siile*. anil hail not Iteeu possihle 
helme the uoxei uuieiit proxiileil the Itiiuls. 

Now, these Krauts luxe ilei leaseil. I lax el 'ellow 
ships weie tnuih mote le.ulilx axail. ltle helme." lie 
thinks that hasii siienie will loniimu- to In- siipponeil 
1 1 out leiletal luinls. hut piohaltlx at a nun It teihticil 
late in the imineiliate Inline. 

I lie " hi a i 11 ilt.iiu "I Kiitish siientists. etiKineet *. 
plixsii i.ins. mil suikcoiis into tin I’.s wa* aiiolhet ma 
jm topii o| 1lij1liMi1.it it loniein while (,1111111)1 was in 
the 1 otiiloli ellth.issx illtih'l \11thassa1loi Max it I Untie 
| his iiiiuiiis a toineiu tmlax m nianx t omit lie*, atnl 
(•ll'lllii ll loiesees il will lOlllillUl 

In set x iie as si'll iot l lilhiii;hl l.eitillel at Makelete 
( olli'ue Mill it a I S IumiI in kampala. I a si M 1 it a . (.ten 
lit It wot keil at the III 11 i*h \lt il ii .1 1 Rest an h ( .011111 il • 
I ahmatoix ol Itilaut Malimti ilion lh sttlilieil. alwaxs 
with the help ol hi* wilt. M1I1I111I. ihihheu with tut 
lrilion.il ilisiases. pal t it ulat lx ileln iem ies ueateil In 
tilt lai k ol pioteiu in then iliets 

III I lit s« , oilllllUltilies. pulpit 1 1 K-i I ill’ll a hospital 
will) mill It leal a* a plate while one Koe* to ilie ll.il 
tin tiiollnis Ih'k.iu to 1 min with ihtii ihiliheti. anil 
tliex woulil 'tax with tllelll. In leialls. ' I his lotiieitl 
I* si iinethuiK wi' midi t leal 11 It 0111 these so 1 a I In I pi inti- 
tjxe people (Mien tin women woulil In tiiliillleil 
hx theii cli let* when tlux iilinneil to theii xill.iKe*. 
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however, and would discontinue irealinenis. W'e 
learned a lot about the dilterence between theory and 
practice there. . . 

Travels during the Stanford summer breaks also took 
the Greulichs to Arizona to study the While River 
Apaches and to New Mexico to study the Pueblo In- 
dians. Greulich notes the "small defect on one finger — 
kind of an anthropological marker," that indicates the 
common origin of the Indian and Mongolian popula- 
tions. 

Between assignments in Germany and Britain, Greu- 
lich also returned to Stanford classrooms, and to his 
long-held interest in the Japanese people. He began 
an extensive study of more than 1,000 children ol Japa- 
nese ancestry in the Bay Area. He found the children 
raised here taller, heavier, and more advanced in skele- 
tal development than their counterparts in Japan. This 
is probably attributable to the more favorable environ- 
ment in this country, including better hygiene and 
more varied and adequate diet. 

In I'.ltiti another invitation came. This time it was to 
be assistant to the Director ol the Section on Growth 
and Development at the National institute of Child 
Health and Human Development in Bethesda. Mary- 
land. Administration was his chief 'occupation until lie 
returned to Stanford to complete the NIH study of 
American-born Japanese lie had begun 20 years earlier. 

Then, as he put. >t, "upon my retirement from NIH, 
in 1971. I was fortunate enough to be 'reactivated' here 
at Stanford." 

His activity, however, bad obviously never slowed. 
M oi king with him curiently in the |apanesc- American 
s dv is Yoshio Okumoto, Stanford '2S, who is marking 
50 years with the University. Okumoto worked with 
Greulich in the early ’.‘ids, and assisted in making the 
photographic copies of die X-ray films for die Alia*. 
The \ are now completing a tedious job of locating, in- 
terviewing. and measuring the original study subjects, 
hoping to discover how the earls advanced growth af- 
fected their development as adults. 

Greulich has also long maintained a major interest 
in twinning, which he attributes to Professor Danforth, 
who was a recognized authority on that subject. 

D espite tt:s observation that "travel is work when 
you get to be 75." and "spring is not the same in 
Paris when you're nty age." he undertook a vigorous 
trip (what lie called a vacation) to Rome in October to 
present a paper at the First International Congress of 
Twin Studies. He then went on to Sofia, Bulgaria, to 
visit the laboratory of an old friend, then to Belgrade 
University to see a former colleague, and to London for 
more visits. 

Our the years Greulich lias played an active role in 
several professional societies, serving as first vice-presi- 
dent oi the \merican Association of Anatomists, associ- 



ate editor ol Anatomical Record, and chairman of the 
committee on anatomical nomenclature. This group re- 
vised the Basle Nomina Anatnmica. which since 1895 
had been the official list ol names and terms used in 
human anatomy. He also served as president of the 
\inerican Association of Phvsical Anthropologists an.! 
associate editor ol the American Journal of Physical 
Antlirol>olojr\. 1U- was president ol the Societv for Re- 
search in Child Development, and is currently complet- 
ing another term as member of the governing council. 

Greulich's work spanned two careers, professor and 
diplomat, and his travels ranged around the world, yet 
his desire for new knowledge and his characteristic good 
humor and diplomat s continue: "Work that one enjoys 
doing can be a most pleasant and rewarding, though 
quite incurable, form of addiction. 1 am grateful to be 
able to continue to indulge it. especially in the con- 
genial company ol so many good friends.” 

Mthough the professor no longer teaches young med- 
ic il students, he grows serious when discussing his for- 
mer students: "We had some ol the best here at Stan- 
ford, and it has been very rewarding to see them de- 
velop through the years. Main of them have made very 
substantial contributions, and with very, very few ex- 
ceptions their professional lives have reflected much 
credit on Stanford Medical School." 

Greulich makes his home at Ch. inning House in Palo 
Alto, where he likes to keep an eve on the pro football 
teams as well as Stanford's. Mildred I.ibln Greulich, 
his wile ol almost 5(1 years and constant companion and 
assistant throughout his career, died la . vear alter a 
long illness. His sons. |amcs. an clementarv school 
pri' • pal in Pasadena, and Richard, research director 
at tne National Institute ol D-ntal Research, are both 
Stanford ' 19. 

— B.B. 
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Chief Residents: 

New Role Models for Women 

With more women than ever before hi medical schools , 
women physicians in academic jiositions 
offer hope of increased opportunities. 


M \ Ri sroNsiuu mi s ;is thiol resident are no dilTer- 
oni i | i . i ii thoso of .1 111. in iii i In - same position." 
said Dr. l.ihliv Slum, chief rosiilont in medicine .n Si .in 
lout I’nivoisiiv Medical denier. "Not I sometimes tool 
like .1 closcl' watched train, taming ilio responsibility 
to do a p.n lit iilarls good job Ini iliosakool I lie women 
alter me." 

Willi more women than ever lielore in medical 
schools throughout the tc.nmrc. lenialo ph'sicians in 
ko\ nc.ulcniit positions are \iial role models in their 
profession. I lie' provide guidance and eiiciitnagcmetit 
for students, and ollei hope ol increased oppori uni lies 
lor their sex in the sears to come. 

I liree chiel residents lot the cum in sear at Stanford 
1 ’ tiivefsit x Hospital are women: lh. Short, who co- 
ordinates the activities ol some ir>Otnodiial houses! all: 
Hi. |oellen Wot no. rosponsililo lot aotiut III losiilents 
in psuhiativ. and lit. I taiues (anile'. thiol ol a small 
core ol neuiosiirgei ' residents, all men. 

I lies ate not the Inst women to hold mu It positions 
at Stanford, and the' are not the mil' ones cutting 
paths through a lieltl where standards in this country 
have I leeii large!' set In and lot men. Uni each brings 
an individual poispecti'e to medicine, as a plivsiciaii 
and as a woman. 

"I he female aspect is especially important in psv- 
thiati'. where the masculine view dominates and male 


I liiit' | h 1 1 tut o| tlu new i lass ol Stanford medical 
students tins tall is totii|«'seil ol wonuTi. an inert’. ist 
nl uhont four perteiii lioni last seat 

ftil.il t niollilit lit in tile Medital St lion) is :tS(l. of 
' ■ i , It OS are women. 

Woiueil students toiilpllsetl I'J pent III ol tile first 
seat medital siiltlents at Sl.inloitl ill 1 tMSo. lull that 
lupin It'll t'> tin ft* pciieiil in I'tli'.i shut l‘*7ll tin until 
lit i ol women stiuleiils lias Meadilv tiseii Irom 10 pet 
t elll to L’ti pert cut last 't at 

I In ii.uit ill. 1 1 a' ii age is " I pin tail wniiit n Inst teal 
uiedital sttult ills, l ive \tais ago lilt national .I'tingc 
was ft. I penult 


biases are often relief 'ted.” Hr Wet ne pointed out. "We 
neeil mole open and searching commentary by women, 
ami a liettei understanding ol changes in lent. tie ps\- 
t tilling' and women s leeling'. 

i lie mil' female neurosurgeon at Sianlord, and one 
ol a handful in the l niled States. Hi. (.mile' hwiks lot 
ward to the lime when she will no longei be a novelt'. 
"Society thinks ol surgeons as men. Net woinen are cx- 
e c| it it -u.t I Is 'ets.itile. and can make excellent suigemis.' 
she said. 

111 . Short notes that women tend to be more respou- 
si'e to human issues and to patients leeling'. "Previous 
stttial (onditioniitg for 'lent. tie' roles works to the ad 
vantage ol women, particularly as interns and resi- 
dents." she explains. "Long liotits on 'out left, taking 
tare ol childlike patients in a strange environment, 
itt. iking sure the' gel tests and meditation mi time is 
not unlike organizing a l.mtil' or getting a live-course 
meal on the table." 

Ml three women attended iuedis.il stliool in the mid 
I poo's, when women conipiiscd no more than two pet 
tt'in nation. dh ol all medical students. M times, they 
admitted, the' It'll loncl' and isolated licit like their 
t lassinaics ol the Ifltitfs. the' were bright and confident. 
None evi l experienced overt litist ilitx or encountered 
am ohsi.it It s in tin pursuit ol medic ine. 

It was graiil'ing. and at the same time frustrating, 
to lie a woman." ictalls Hi Wcrne. one ol six women 
among SO graduates ol \ ale Medical St Itool in 10/0. 
"We had a privileged but infer im status. Everyone 
knew who we were' and paid attention to what we did 
( >ii the other hand, we were looked at with mote 't t u 
lim and leli mote pressure to achieve. 

l u r since she i an remember. Hi . Short "anted to be 
a dot tot. I was ticvei discouraged Irom medicine, but 
then again I in vet bothered to .i'k anyone, 'he said. 
\l an tali' age 'lit was mii e ol lift 'ill and able to 'tali 
bn objecti'c. Perhaps it is tun surprising she chose 
internal mediiine "It's a liiglih 'filial held, wheie 
ones aliilil' to be tational and piesent a tase cleat I' 
is prized." 

\ltet gradiialing It out Ml. llol'oke C.ttllegc, a wont- 
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en's school in Massachusetts. Or. Short married and 
spent a scat in la i rope pursuing a lavorite interest in 
weaving. She entered Yale Medical Sc hool the follow- 
ing venr. and when she let lived hei M.l). in I *H»S she 
hec. mie Yale Hospital's lnsi leiiiale medical iniern in 
several scats. She was a resident and Icllow in medicine 
at Yale and ai I'.C. San Francisco before coining to 
Stanford as a setiioi resident in I HT.'*. 

I he next goal lor Dr. Short to attain is a lac tilts 
position. She hopes 10 do teaching, patient care, and 
researc h in heiediiarv disease and genetics. "Right now 
it's clillic nil to he in an academic post without a 'wife' 
to handle the household and soi ial liiiutions ol a husv 
prolession.il," she explained. "Men in .uadeinic medi- 
cine i mi a wild i .u e to reai h success lie In. and tltcv are 
t cl lie taut to acknowledge tin possihilitv ol a dillerent 
timetable I’uit as mote women ciiiri medicine there 
will he grealei tole llexihililv. ' 

She knows Irotii petson.il expeiience that marriage 
and medicine don't alw.ivs mix Im a woman altct 
seven veals ol maiiiage she is divorced. However, she 
is thinking ol lemaiiving this time to a dot lot anil 
does not iiilc out having a I'.unilv. I liete is nothing 
wrong veitli a woman taking a lew ve ats limn hei career 
to i.iise i hilehen. pat lie ulai Iv sine e women have a long 
ei lile expectaiuv than men unvwuv," she pointed out. 
"I am so thotoiighlv into medic me tli.ii . w ill prohablv 


/>i. I thby Short, rhirf i rsidrnt in medirinr. trails n weekly 
.\r minor for medical hovsestaf! and students. 


do it for the rest ol mv life, hut there are five or ten 
veals that I would want to plan verv carelullv il I had 
c hi leheu." 

D r. Wkrnf's roii models for medicine were close 
to home. Both parents and a brother were in 
medicine. "With a mother as a practicing pathologist 
as long as I can remember, I never e|Uesiioned whether 
women slioulel he doe tors," she said. "It seemed entile 
natural." 

N et she exploit'd other areas lust \i Bat nurd ( uillcgc 
in \cw V.tk she was an I nglish liierattire major, ami 
began thinking about medicine onlv toward the end 
ol hei mult i gi .iilnatc veals. Mtei an aeliliiiim.il ve.n 
ol pieimdii.il courses ami social work in Harlem, she 
began N ale Medical .School. Bv the time she completed 
a peeli.il i ie internship at Fiiisteiu Medical School, Hr. 
M et nc it'.ili/ed she prelcrit'd psvehi.itrv. where she 
e e >u li I combine hei inleiest in people, sociologv. and 
phi lose ipliv . she was a hist ve.u resilient in psvehi.itrv 
at Vile ami joined the Stanlortl psvihiairv depai imeiit 
in lhT.i. she, too. leans stmnglv tow.ud .uadeniu medi- 
cine. I love te.ie lung anil being in the I'nivcTsitv en 
v ii otimeiii . sin said. I also enjov winking with pa 
in tit' I licit aie mam women psvc Ilian ists, Inn lew 
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Hr. Frances Conley, thirl resident in neurosurgery 
i kanges the lieail dressing ot one »( her patients, 

Ih. /oelleti II'ith.'. talking with a patient, is 
responsible tot about 10 rrsnlrnts in psychiater. 


arc on medical m lionl l.u ultics. We need to relate more 
closely to odtet women in the held.” 

Her career is very important to her, but marriage 
and lam i K are "viable Inline possibilities” for Dr. 
W'erne. ”1 could never stop work, but 1 could cut down 
at some period, il I were to have children." Since she 
would expect to shale home responsibilities equally 
with her husband, it would be practical il he too were 
in medicine, she added. 

Dr. Conley comes from an academic family (her 
lather is a profcssoi at Stanford) which always encour- 
aged the children to he individuals. "As a result, I was 
never, discouraged I ruin becoming a doctor." she said. 

Site spent two years at llry n Mawr College, a women's 
school in Pennsylvania, and then transience! to Stan- 
ford. After one year she was admitted to Stanford Medi- 
cal School. Her graduating class o| 1 *HH» included 20 
percent women, one ol the largest ratios to receive Stan- 
ford medical degrees vet. I lie first female intern in sin- 
gers at Stanlord Hospital. Hi. Conlev had initiallv con- 
sidered a career in plastic singers. However, she was 
fascinated with her neurosurgers rotation, and so be- 
gan the grueling but rewarding eight-seat tesidencs at 
Stanford. This is her filial year. 

Her sex never mattered throughout ltd training at 
Stanford. Dr. Conies noted. "Neurosurgers is a small 
division. 1 ; . very one works chisels togethet and there is 
no room for hard leclings or bias." she explained. " l o 
date, patient acceptance has never been a problem." 
The real test comes next year, when she mas go into 
private practice. "Then I'll see il phvsicians are will- 
ing to take on a lem.de colleague, and il patients are 
willing to come to me. I lope-lulls ms skill-, as a spe- 
c ialist will lie appree ialed and the role ex pet talion that 
seems to prevail in general singers where there are pii- 
niarils men will not be so great.” 

Married for 12 seats to "a sets understanding mail." 
who is not in medicine. 1 >r. Conies has chosen not to 
have chilihett. "I led I can make a mure important con- 
tribution to sot iets as an M.l). than as a mother. There 
is no was I could do ms work and he a house-wile at lilt- 
same time." lot t unaifls , she notes, lu-i husband wants 
a companion, not a "hnmebotlv." I'ltcs share several 
interests, including long-distance running and Using 
(both have a pilot's license). ‘Tin alwass on call and 
can't plan ahead foi out activities, blit I've learned boss 
to organize ms clays," Dr. Conies said. “When there's 
something I want to do. 1 make time to do it." She even 
has time to si-ise on the Muiiini Association Hoard ol 
(inventors. 

I lie c halletige lot women in medic inc is ircuu-inlotis, 
.mottling to Dt (ionics, and she believes that women 
si mu Id meet it in their own sts le. " \c lions speak lotidct 
than wolds," she emphasi/cs. "Women -an pursue a 
medical caieci in a lemininr and giaciniis mainiei that 
is competent and ellectise." Ilsti Wukxik 




Iloovcr Medal Winner 

l)r. Russel Van Arsdale Lee, TG, 
M.D. 20, became the nintli recipient 
ol the Herbert Homer Medal for Dis- 
tinguished Service, the highest honor 
bestowed In the Stanford Alumni As- 
soeiation, at a dinner in his honor 
Atifjnst 0. 

Founder in 1930 ol the Palo Alto 
Meilieal Clinic, Dr. Lee xx.is given the 
medal by John R. Johnson, president 
ol the Stanford Alumni Association, 
and In I'uiversity President Richard 
W. Lyman. 

The Clinic became a model for hun- 
dreds of similar medical organizations, 
and Dr. Lee became a rigorous pro- 
ponent of group practice. Nationally 
recognized as an authority on the socio- 
economics ol medical care. Lee retired 
in 1900 as clinical professor of medi- 
cine at the Medical Center after 12 
rears as faculty member, lie played a 
key role in the decision to move the 
School ol Medicine from San Francisco 
to the campus. 

The late President Hoover rras first 
recipient ol the medal. Other alumni 
so honored are |. Is. Wallace Sterling, 
chancellor: John \V. (Gardner, former 
Secretary ol Health, balneation, and 
Welfare; David Packard, chairman of 
Hewlett-Packard Co., and lormer Dep- 
ot) Secretary ol Dclensc; the late Sen- 
ator Carl Harden of Vrizona: Frede- 
rick Seitz, lormer president of the Na- 
tional Academy ol Sciences and now 
president ol Rockefeller I'uiversity: 
Frederick F. Terman. rice-president 
and provost emeritus of Stanford: and 
Dorothr Rnlhiin ( handler, blunder of 
the Los Angeles Music ( enter. 

l.eland R. Blanchard '.'17 of San lose 
received a commemorative gavel in 
August as outgoing president of the 
Society ol Teachers ol Family Medi- 
cine. 

George S. Rudder 'US of Whittier is 
president-elect of the Los Angeles 
County Medical Association, lie will 
seiri in this post until | ulr 197*. when 
he rr ill he installed as president. 

Jesse L. liar '.'!!) ol Portland. Oregon, 
became president ol the l tilted Slates 
Section ol tin International ( ollege ol 
Surgeons at their recent seventh W est- 
ern Hemisphere Congress in Portland, 
lie formerly served as rice-president 
and president-elect. 


Edward C. Defoe, Jr. ’4-fH of Shawnee 
Mission. Kansas, reports he is currently 
professor and chairman of the Depart- 
ment ol Human Ecology at Kansas 
University Medical School. 

Charlotte I'nrhreit Teleseo ‘MB, who 
has been living in the Philippines since 
1917. rras back visiting at the Medical 
Center during the summer. Having 
raised lire children, she is now eon- 
sidering coming hack to the U.S. to 
practice in the field of geriatrics or with 
minority groups. 

Robert Martin '-fa was profiled in an 
article about Californians in the Au- 
gust issue of PSA magazine. Martin 
has returned Irntn a three-year stint in 
Iowa, lie is professor and eliiel ol the 
family practice division at UCLA. He 
practiced in Concord and Modesto lie- 
lore leaving for Iowa, and had served 
as president ol the California Division 
of 1 1 u- American Cancer Society and 
president ol the Mount Diablo School 
Board. 

Ralph W . Sdiallarzick '4(1. a San Fran- 
cisco internist, has been named senior 
r ice-president of Blue Shield ol Cali- 
fornia He has been associated with 
Blue ShieVl since lie became medical 
advisor in 1906. then medical director 
in 196J. 

Vugustus V. White III '01. ussi iciate 
professor of orthopedic surgery and 


Construction Continues 

Despite rising costs of materials, the 
energy crisis, and strikes, construction 
at the Medical Center is on schedule. 
Projects include the Hospital core ex- 
pansion. the Sherman Fairchild Cen- 
ter for the Neurosi iences. the Gover- 
nor’s I.aue complex, and a renal care 
unit. 

The Hospital expansion rr ill add 
xitally needed support facilities, in- 
cluding 2*> intensive care beds, in- 
creased emergency services, radiology, 
cardiology, surgical puthologv. and 
postal iest I icsia recovery areas. Initially. 
University trustees approx cd a budget 
ol $!)..“ million for this project, hut re- 
cently rerjsed it to s>12.6 million be 
cause of construction and equipment 
costs. These were primarily caused hr 


director ol the biomechanics research 
project at Yale University School of 
Medicine, rr as presented The Soulvillc 
Foundation's youth model urvurd in 
Los Angeles ceremonies in August. Dr. 
White has served three years as house 
physician and youth advisor at a 
basketball camp lor underprivileged 
hoys operated by the foundation at 
Claremont Men's College. 

Harvey Ozcr '(>.> and his wife. Dr. Joy 
llochstadt. announce the birth ol their 
lirst child, a daughter, on August 24 in 
Worcester, Massachusetts. Both doc- 
tors are senior scientists at the Wor- 
cester Foundation for Experimental 
Riologx in Shrewsbury, Massachusetts. 
Ozcr is lecturer in genetic' at the Uni- 
versity of Massachusetts Medical 
School, and advisory consultant to the 
National ( ameer Institute. His research 
is in the genetics ol somatic ceds ai d 
tumor virus-cell interactions. Di.lhK.h- 
st.ult is adjunct prolessor ol biochem- 
istry at Central New England ('ollege. 
and her research is in the held of cell 
membrane transport and its relation to 
roll growth control in cancer. 

Cordon W . Keating 67 h... opened bis 
oilier* lor the practice ol adu.t and i liild 
psychiatry in Seattle. Washington. Ib- 
is a member ol the laeultr ol Transac- 
tional Vitaly sis Northwest and the 
Northwest Family Training Institute'. 


design changes required hr slate laws 
lor earthquake s.tletr. Even rrith the 
increase in budget, the protect has been 
scaled down to only those parts most 
critical. The facility is tentatively 
scheduled to be completed and in op- 
eration by December 1971. 

The Sherman Fairchild ( enter will 
include the Neurosciences Building 
and an adjacent auditorium, located 
immediately southwest of the Hospital. 
The Ncuroscietices Building will be 
three stories and rr ill house the depart- 
ments ol anatomy, physiology, and 
nemobiologr la new department). 
The auditorium will proride seating 
for 100 persons. The -Ml. 7 million l.i- 
cilitx is scheduled to be in operation 
m jamiarr 1976 

Funding is from the Fairchild 
Foundation In addition, a s 2 million 
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Slunfo nl Main <i I Silinnl Inis lari-ral 

I .OltO nf tin - nhl In irks ft inn I lir ilannli- 
thin nl llir Coolin' Main ill Si lintil 
Ihiil lnifl in Sun I- hint i\> n. . I 1.000- 
fioiiin! nm nl liinnilr him li . mu rihal 
'Sliinftinl I nii riiilr Malinil l)t /iinl 
nil lit." hn\ Ill'll ha il liliiiif’llt In llir 
nimbus In hr inshillril us u iiiriiinrinl. 

II liar llir inlilni Is will hr hniisal is 
slill In hr ilrln initial. I'lir Wrst's fnsl 
inalii ill mllt’iy i ais huill ill ISS2 lor 
SI2*.0II0 h\ l)i I i . i t tiii/ir; l iinr. In 
/nils S In n Ini il in i r filril ( 'ini/irr M al- 
ii nl Si linn! iis its llrjim linrtil of 
\lalii inr. whit li i nnliniial until I’MO. 
l lir bnihlitltz irnmtnal in usr h\ 
l’irsh\ h nnn llnsfiiliil nl I’m ifu 

\l alii til I i nla fin nul/iutiail i linirs. 
nilininixtriilinii . unit irsanth until Junr 
nl this rrnr. 


Kretclimcr 


uift from Mrs. Francos Nnnnalls Win* 
/.or of La Jolla will permit construction 
of a third floor in the Outer and help 
complete diagnostic and treatment lab- 
oratories in the Hospital addition. 

The Governor’s Lane complex will 
he located west of the Medical ( enter. 
The facility, supported by the National 
Cancer Institute with Dr. Henry S. 
Kaplan as principal investigator, "ill 
provide laboratories for the Lymphoma 
Virology Program of the Department 
of Hadiology. It is scheduled for com- 
pletion m June I'lTV at an expected 
mst of SI.1V). 000. 

The ■ enal care unit, located south- 
west of the Psychiatry Building, is a 
ness temporary structure, costing up- 
prt iximately S 1 S5,( II It I 


Kretchmer Appointee! 

Dr. Norman Kretchmer. Harold K. 
l’aher professor of pediatrics at Stan- 
ford, has been named director of the 
National Institute of Child Health and 
Human Development (N1CHD) of the 
National Institutes of Health. 

The pediatrician and biochemist 
svas on sabbatical lease from Stanford 

a Guggenheim 
Fellow 

anil served as con- I r s ' 

suit ant to the of- 

file of the NH1 

director. In his J 

nesv position he N 

succeeds Dr. Gil- 

bert Woodside, 

acting director. 

As former chair- 
man of the De- 

partment of Pediatrics. Kretchmer 
broadened the scope of clinical and 
scientific programs, and headed the 
committee responsible for the Dniser- 
sity’s undergraduate human biology 
major. Before coining to Stanford in 
1959 he was associate professoi of 
pediatrics at Cornell University. 

In addition to his nesv administra- 
tive responsibilities, Kretchmer svill 
continue to study the biochemical basis 
for hereditary and metabolic diseases 
of infants, and svill also be clinical pro- 
fessor of pediatrics at Howard Univer- 
sity and consultant to the U.S. Navy 
at Bcthcsda National Naval Hospital. 

Emergency Paramedics 

Tsvonty -Isvo firemen from Palo Alto 
and South San Francisco are under- 
going 12 sveoks of training in the De- 
partment of Emergency Services at 
Stanford to become qualified para- 
medics. or emergency medical tech- 
nicians. 

The paramedics svill treat a patient 
on the scene while keeping contact by 
radio ssitli a physician or nurse at the 
Medical Center until the patient ar- 
rises at a hospital. 

Sss itchboard operators at police and 
fire stations svill summon the para- 
medics svhen needed. Tiles svill not 
replace ambulance attendants on emer- 
gency runs. The paramedics ss ill not 
transport the patient, although one may 
accompany the patient on the ride to 
the hospital. The other member of (lie 
two-man team svill folloss the ambu- 
lance in his osvii emergency van in case 
the patient sliouli. deselop complica- 
tions along the svav. 

The Palo Mto Gits Council has set 
a Hat tec ol $40 for each patient, to 
reduce nnnccessars calls. 



/>»*. I u^' iir Hli i I; . enter, i hit I of artlinfiefUi > and rehabilitation at Children's 
Hospital at Stanford, i lift In the plaslii leg brace of patient l.any /mates with 
stall ortholist Wallin e Motloi It. Ills brat es aie timilat to the products the new 
Hehabilitation engineering ( i liter will fabricate. 


Dr. Michael Eliastiini, director of 
emergency services at Stanford, hopes 
the program w ill expand so that the 
Stanford community v ill ultimately 
ha\ e its ow n paramedic unit. Once fire- 
men have completed the training and 
final testing, including oral examina- 
tions. they will he certified by the 
county public health department. 

Rehabilitation Center 

The first comprehensive center on 
the west coast for design and fabrica- 
tion of devices for physically disabled 
children has been established at Chil- 
dren's Hospital at Stanford. It is be- 
lieved to be the first center in the V.S. 
for research and development of re- 
habilitation aids for children with 
neuromuscular impairments. 

The center is funded in part by a 
matching grant of $800,000 from the 
Max C. Fleischmann foundation of 
Ilcno. Nevada. It is headed by Maurice 
I.eblanc. former stall engineer for the 
committee on prosthetics research and 
development of the National Academy 
of Sciences. 

Children referred by physicians will 
be examined by a team that includes 
orthopedic surgeons, physical and oc- 
.ipational therapists, and rehabilita- 
tion engineers. The device for each 
child w ill depend on his stage of de- 
velopment and particular problem. 
The philosophy today, according to Le- 
blanc. is to provide the child with a 
life-style that includes as normal de- 
velopment as possible. “Instead of giv- 
ing children a brace and sending them 
home, we hope to offer them a ward- 
robe of devices, all tailored to their in- 
dividual needs and in tune with their 
growth.’’ lie says. 

The center is expected to cooperate 
w ith the Palo Alto V < term is Adminis- 
tration Hospital, particular!) concern- 
ing adult patients with spinal cord in- 
juries. 

Cancer Center Created 

The School of Medicine 's ill be part 
of a major comprehensive cancer cen- 
ter program recently launched in the 
Has Area. 

The coordinating bods of the new 
Northern California Cancel Program 
will include the Cnixersity of Califor- 
nia School of Medicine in Sail Fran- 
cisco, the American ('.nicer Society, 
and Stanford The center will base no 
buildings of its own. but will work 
through existing facilities, including 
enmmunit) hospitals, l av programs of 
the \tnei lean Cancel Society also w ill 
be coordinated with the plan. 


The local planning committee is 
chaired by Dr. Saul A. Rosenberg, pro- 
fessor and head of the division of on- 
cologv at Stanford. The committer 
foresees, in addition to the coordina- 
tion of basic science and clinical in- 
vestigation. the expansion of training 
programs and establishment of new 
and enlarged cancer detection and re- 
source clinics, consultation services 
and radiotherapy networks, develop- 
ment of uniform procedures in pathol- 
ogy and epidemiology, and expansion 
of public education programs. 

It is expected that the Northern 
California Cancer Program will com- 
bine all of the present antic-. nicer ac- 
tivities into a coordinated ellort in- 
\ olv ing not truly research but also pub- 
lic and professional education and 


some aspect-, of service tn cancer pa- 
tients. 

The program is expected to be 
financed in large part by the National 
Cancer Institute. Sixteen existing cen- 
ters in operation elsewhere in the na- 
tion have budgets ranging from $700.- 

000 to S|2.0 million, or an average of 
about $■) million pci year Participating 
institutions have provided only seed 
.none' to get the program going. Once 
incorporated, the progiam will apply 
to NCI (or increased working funds. 

Brain-scanning Device 

The Department n! Radiology at 
Stanford recently placed its new I Ml 
Scanner into operation foi examination 

01 patients with suspected hr tin dix- 


orders. It will detect benign and malig- 
nant brain tumors, blood clots, brain 
injuries, brain defects resulting from 
strokes, and certain birth defects. The 
scanner mat also be used as the take- 
off point for research into areas in- 
volving actual and potential brain dis- 
ease. 

According to l)r. William Scott, act- 
ing assistant professor of radiology, 
the device will not totally replace tests 
previously used. It may shorten the 
hospitalization of some patients, and 
in others act as a supplement to pneu- 
mnencephalugrams and angiograms. 

The Palo Alto Medical Clinic also 
operates an EMI Scanner, and, accord- 
ing to Scott, Stanford and the clinic 
plan to work together on joint clinical 
research utilizing both scanners. Stan- 
ford will also scan patients for smaller 
hospitals without their own scanners. 
Scott expects that about a half dozen 
such devices will be in operation in the 
near future in the greater Hay Area. 

Letters 

Medical Missionary 

Hack in the Stanford M.D.. May 
1967. you had an article, "Portrait of 
a Medical Missionary.” 

Another similar article . . . appeared 
in the April 197-1 number of the Read- 
ers Digest. [ "My Most Unforgettable 
Character,” about Dr. Ainslie's long 
work in Guatemala.] 

In both of these articles, my only 
hope is that they may cause some to 
pass up the big dollar and concentrate 
on helping the thousands who have no 
medical help at present. 

Already the H coder's Digest article 
has caused two ladies to write letters 
saying, one that she is now a sopho- 
more in medicine and will be on her 
way the day she is an M.D.: another 
who is farther away from an 'l l), say s 
she has already picked out the Indian 
town where she will spend her life. . . . 

1 have always felt honored to be a 
Stanford Medical School alumnus. 

Chmu.es Ainslie, M.D. TG 
Guatemala 

Tuskegec Study 

As Dr Gibson (“The Case of Un- 
treated Syphilis." Stanford A/D.. 
Spring 1974) has ably pointed out. 
there was in 1932 a widespread In li< / 
that latent seropositive sy philis should 
be treated more or less energetically 
with the then available arscnicals. 
Ilowever. at that time there was no 
unct|uivocal proof that the untreated 
seropositive individual had any sbortei 
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life span than his neighbor. The Ma- 
con County population was chosen for 
the investigation because of the high 
probability that that population would 
not receive antisyphilitic therapy with- 
out outside intervention. Had not the 
Public Health Service selected this 
group for observation their women 
would also not have received the ther- 
apy that they did receive. The Public 
Health Service was not authorized at 
that time to select one county for mas- 
sive treatment of all seropositive per- 
sons. 

At that time evidence of mesaortitis 
was found in -10 percent of the black 
male persons coming to autopsy, as 
contrasted with 2(1 percent of white 
American seamen and 5 or 6 percent 
of other white males. The seamen, 
black or white, received vigorous ar- 
senical treatment, or had it available 
in the early course of their disease. 
Hut many of these, of course, had 
acquired their infection in prearsenical 
days. Had the Public Health Service 
not considered the information sought 
of importance to the public health, no 
team would have gone into Macon 
County, and tin' subjects of the investi- 
gation would not have received the 
benefits that they did receive. I was 
interested in mesaortitis at the time and 
wrote a small study of its incidence in 
American seamen (Venereal Disease 
Information 15: 39-50. 193-4). 

1 was in \lll in the early thirties and 
it was then still small enough that we 
heard most of what was going on. also 
in field public health. As I , .'member, 
one of the inducements was the prom- 
ise of a free funeral. This was impor- 
tant to these rural blacks, and as I 
heard it there was actually competi- 
tion to get included in the study group. 

1 think that the treatment of the women 
was a later development, and was not 
actually a part of the study plan. 

This 1 write from an old man's mem- 
ory . I was not in on the study tnough 
I believe 1 siw some of the early his- 
tologic post mortem material. 1 write 
as a pathologist, not as a clinician. Tin 1 
study lias all the earmarks of a well- 
planned epidemiologic study designed 
to elicit the biology ol the disease as it 
occurred in an isolated rural popula- 
tion. without intensive therapy . 

In conclusion. I must dissent from 
Dr. Gibson’s condemnation ol the 
Tuskegec study. Would Dr. Gibson 
have regarded the study any more 
favorably bail it been confined to 
watching this population age and die. 
women as well as men. simply prov id- 
ing funerals and hav ing autopsies per- 
formed? This was alter all a public 


health study, not a therapeutic experi- 
ment. 

It. D. Lu.uk, M.D. ’20 
Medical Director U.S. Public 
Health Service, Retired 

Admissions Policy 

I feel profound gratitude to Stanford 
for my undergraduate, but most espe- 
cially my medical education. However, 

1 have some personal reservations 
about current policies and trends at 
the University and Stanford Medical 
School. . . . 

Medical School Admission Policy: 

a) Stanford premeds: 

More preference should be given 
to Stanford premeds (or at least 
some preference) for admission. 
It's admirable to aspire to a cos- 
mopolitan. heterogeneous stu- 
dent body, but not at the ex- 
pense of handicapping your own 
alumni who are exceptionally 
qualified. 

b) Overreliance on GPA and med- 

ical aptitude scores: 

No crush of 5,000-plus applica- 
tions should justify the current 
impersonal overutilization of 
GPA and “Met Cat” numbers 
to choose a student body. . . . 

c) Admission attitude: 

I have no formula for choosing 
the future Osier, but a change 
in attitude from being in a com- 
manding “seller’s position" is 
needed. A colleague’s daughter 
with a 4.0 GPA and widely 
accepted to medical schools, was 
asked for an interview at Stan- 
ford; after making a special trip 
she was told by the interviewer 
that he didn’t know why they 
bothered to interview her as her 
aptitude scores were not suffi- 
ciently high. . . . 

Clearly this authoritarian elitist at- 
titude does Stanford at hast as much 
damage as it docs to the individual ap- 
plicant. No system at all would be 
better than a solely numerical one for 
choosing future members of the Stan- 
ford family. Whatever system or non- 
system is used, a definite change in 
attitude is of primary importance. 

As a clinician whose heroes were 
bedside teachers. I believe Stanford 
Medical School has become too pre- 
occupied with the scientific, technical, 
and experimental aspect of medicine. 
Hv itself such a philosophical change 
would be justified, but not at the i x- 
pense of de-emphasizing the individ- 
ual. clinical, and common sense aspect 
of medicine. . . . 


SiAMcmti M l).. I'nl.n.Xo. l 


I.('ls i;<'l hack lo teaching compas- 
sionate commitment. ami the only 
teaching ol any generation dial stu- 
dents will emulate i\ teaching li\ ex- 
aniplo. . . . 

\MTiirn (). Wnii n. 

M l). '5.1. U S. '-|9 
Torrance 

[l)r. Claylnn dich responded to Dr. 
Webi r x li’ltor. and his reply follow s. — 
Kditor] 

l-cl me speak first alxnil admission 
procedures. . . . First, we do take more 
students linn Stanford than from any 
other undergraduate institution. For 
our elass entering this fall. .19 under- 
graduate eolleges were represented. 
Sixteen students in the elass eame from 
Stanford. The school providing the 
largest uumher of mutrieulants 
was llarxnrd with nine. Vale followed 
with eight. Then MIT and I'C Berke- 
ley Isotli eontributed four. The re- 
mainder ol the institutions provided 
either one. two. or three students. 
Therefore, you van see that we do take 
almost twice as mans students from 
Stanford as from the schools rankin'’ 
close lo Stanford. 

Next, you suspected that there is au 
overuse ol grade point average and 
Medical College Admission Test scores 
in decisions concerning the entering 
class at Stanford. . . We are concerned 
about the heavy reliance which is 
placed on these two indices of potential 
success in medicine l>\ both those seek- 
ing admission and those making the 
dei isions. here and elsewhere. Uccause 
ol this, our Committee on \dmissions 
spends an extraordinary number of 
hours interviewing applicants and re- 
newing folders during which time they 
look most carefully for personal trails 
and personal interests that will suggest 
those with the Ik's! potential lor the 
practice of medicine. 

Most ol the students we accept have 
grade point axcrages between 1.5 and 
VS. whereas we turn down hundreds 
ol applicants with grade point axcr- 
ages o! 1.0. You would be verv im- 
pressed. I belies e. il ion were lo sit in 
on one ( 'ouunittce meeting and witness 
the deliberations about thehighli qii.ll- 
i lied applicants. Clearly, the thrust of 
the discussion is in the direction of 
looking carefully for important per- 
sonal characteristics. 

Ol course, these applicants have 
been previously selected as haling a 
very sound academic baikgrotiud. In 
this respect, we attempt t ■ • be realistic 
about ( . I ’ \ and \|( \ I semes and use 
them a two elements in the ( ommil- 
tecs decision. The test, tor example. 
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was designed primarili to identify stu- 
dents who amid not intellectually 
handle the rigors of medical school and 
it does not distinguish well bclwivn a 
student pcrloi tiling at the 70th per- 
ccntilc and one performing at the 90th 
percentile. 

< dearly, we do admit students who 
base high CPA and MC.AT scores ami 
the x come Irom some of the best un- 
dergraduate institutions of this coun- 
tn We don't believe that this back- 
ground is ill exclude students w ho bas e 
a distinctive potential lor a balanced 
practice of medicine. Obviously, be- 
cause the number of very able appli- 
cants exceeds places .n ailable here, w e 
will not admit many who will likewise 
do sell well at other medical schools 
and in the practice ol medicine. 

John Stew ard, our associate dean for 
student affairs and chairman of the Ad- 
missions Committee, received his de- 
grees Irom Stanford (A. It. I94S and 
M.D. 1955) as son did. It is his impres- 
sion that the students being admitted 
today are more committed lo a medi- 
cal practice which clearly focuses on 
the patients as individuals than were 
the students of his das or even ten 
years ago. It is his strong feeling that 
current students' interests are broader 
and that they, in large part, are un- 
mistakably committed lo the practice 
oi a compassionate ami humanitarian 
form of medicine. The present stu- 
dents prefereiurs for internships and 
residencies in famils. jHiliatric. and 
obstetric medicine anti surgery seem 
to support Dr. Sti w ard ' observations 
Milen all is said anil done, about 90 
percent of our students enter the prac- 
tice ol medicine. 

I also discussed y our letter with Dr. 
William P. C'rcgcr who is professor of 
medicine and associate dean lor stu- 
dent all airs, lie shares sour ohxcrxa- 
tion that there was insufficient empha- 
sis in the 1960's mi clinical teaching in 
many ol this couutrs s medical schools, 
including this one. Hut that condition 
is being corrected, here and elsewhere. 
Ilccent appointments to the fucultv and 
to leadership of the kes departments 
lor clinical te.u liing luxe gixen empha- 
sis to this point. The numlier of clinical 
clerkships olfered by I. u nits currentls 
cxi ceils the number of clerkships 
which the students can lake. In Dr. 
t rcgci s x icxx . "teaching compassionate 
commitment to toil. is 'x students is easy 
Dm students insist upon it and a lising 
proportion of faculty enjoy offering 
such experiences." 

< i sxtov Itn it. M l). 

Vice Piesident lot Medical Affairs 
and Dean ol the School ol Medu ine 


Cushing on Full-time 

As us recall, in Fall 1972 Stan- 

ford M.D. published a small paper of 
mine titled "An Alternative to the Full- 
I ime Faculty." This paper w as met 
w ith a considerable outpouring of let- 
ters generally supportive of the posi- 
tion described m the article, decently 
at the request of Dr. diehard Warren, 
editor ol the .\rrhivcs of S’urgcri/, I 
wrote au editorial along these same 
lint s. The number of requests for re- 
prints would suggest that there is con- 
siderable interest in this matter in de- 
partments of sin gers around the coun- 
try. 

Since these publications. I found an 
article by Dr. John Cleon of Phoenix, 
Arizona, who pointed out scicral in- 
teresting similar altitudes maintained 
both bs Dr. Harvey Cushing, surgeon- 
m-chiel ol the Peter dent drigh.uu. and 
Dr. Ileni i Christian, physician-in- 
chid. I should like to quote some of the 
paragraphs from this article. 

“Our self-imposed program, hosv- 
eser. was not permitted to stand tin- 
challenged lor in October 1911, after 
some overtures the < iener.il Fable, ition 
Hoard offered to giic the Harvard 
Medical School S 1 ,500.0110 pros ideil 
the chiefs of clinic at the Ih iglinin I los- 
pit.il would agree to serve as full-time 
officers ou the same financial basis as 
that about to be instituted in daltimore. 
The medical school was then in debt 
and the promised financial relief would 
base been a veritable windfall, but I 
could nos er convince ms self that those 
here who pressed us to accept the re- 
strictions imposed by th • gilt, apart 
from sex oral of our precliuical col- 
leagues, were interested as much in 
the principle iiixnlvcd as securing the 
gill. 

"On my own part, a term of service 
limited to 2(1 scars, with au academic 
salary on which a family of children 
were to be educated and no pension in 
sight in case of accident or ill health, 
seemed a dubious proposition I doubt- 
ed. moreover, whether such an ar- 
rangement would in any was actuate 
me ami feared indeed that it might 
cm milage indolence II the purpose 
ol the plan was to present the atten- 
dants in uuixcrsitx hospitals from ex- 
ploiting llieii position lor their per- 
sonal ends, there was just as mill'll rea- 
son to fear, human nature being what 
it i'. that hospital superintendents 
•leans’ and trustees might be tempted 
in a pinch to exploit their salaried pro- 
fessional attendants 

"With no pretense to be anything 
inoii than an am. item investigator, I 
could not sci that fixed x.d.ux could 
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cither improve my status in this io- 
speet. or dive me uny more freedom 
lor such researches as I was capable 
ol directing or uiidei taking. And com- 
ing ol a race ol general practitioners, 
the intimate and confidential relation 
between doctor and patient (one of 
the most precious things in medicine) 
"'as in my blood and I could not look 
upon the cold institutional program 
with any great enthusiasm, much less 
with any expectation that it would 
serve to make something out of me 
that I was not already." 

Another interesting quote from l)r. 
Green's paper was ascribed to Dr. 
Glyde T. Hardy, an obviously en- 
lightened dean from Howmau Grey 
School of Medicine, who emphasized 
that where there is no relationship 
Irctwccn income and effort there is a 
definite danger that practice will lie 
neglected." 

Dr. Hardy quoted John Gardner, a 
funner secretary of 1 1 K\V, who has 
pointed out that a four percent increase 
in physician productivity would in one 
y ear add tile equivalent of 1 1.700 phy- 
sicians to supply Ameiica. Hardy com- 
ments that Gardner might also have 
added that a 10 to 15 percent decrease 
in productivity, which could happen 
if practicing physicians were forced 
onto a salary system, would lose us the 
equivalent of 30.000 to 10.000 physi- 
cians. 

It is encouraging to many of us who 
see far more ev ils in a full-time sys- 
tem for the clinical departments of the 
medical school than in a geographical 
system, to find that leading figures in 
medicine throughout its modern his- 
lory in the l nited States have agreed 
with this point ol view, and that the 
administrative officers who favor a full- 
time system in its rigid sense do so be- 
cause it allows them sufficient controls 
to exploit the working clinical faculty. 

Hoy Coiin. M.D. 'A3 
Walter Chidoster 
Professor of Surgery 

Books 

( hange. Principles of Problem Forma- 
tion and Problem Kcsnlution. In/ Paul 
Watzlawiek. Ph i) . John II Weak- 
hiuil. ( li I. .. ami liiil in ri I lisclt. M /).. 
192 pan i s I’lililisln 1 1 In i W \t Norton 
.!• company, v v.. / •>— / -sr.y.5. 

Ibis book deals with how problems 
arise and are perpetuated in some in- 
stances, and resolved in others. It e\- 
. unities how common sense and logical 
approaches often fail or compound a 
problem, while seemingly illogical and 


unreasonable actions succeed in pro- 
ducing a desired change. 

Authors are concerned with concepts 
ol human communication, interactional 
therapy , the pathogenic and therapeu- 
tic effects of paradoxes, and of action- 
oriented rather than origin-oriented 
techniques of problem resolution. 

\\ at/.lavvick is assistant clinical pro- 
fessor and Fisch clinical instructor, 
both in the Department of Psychiatry 
at Stanford. All have private practices 
in Palo Alto. 

Camping Therapy, Its Uses in Psy- 
chiatry and Hchuhilitation, edited by 
Thomas Power Lowry. M.D.. 138 
panes. Published by Charles C. Thom- 
as. Sprinnfield. Illinois. 1 97-1. $7.75. 

I bis collection ol readings on the 
psychiatric value of camping is intend- 
ed for therapists, camp directors, and 
mental health administrators interested 
in outdoor recreation as a therapeutic 
tool. 

Dr. Lovvrv and 17 contributors de- 
scribe a broad range of experiences, 
including a historical -philosophical 
overview, discussions on camping 
therapy applied to psychosis, juvenile 
delinquency, childhood neuroses, and 
mental retardation. There is also a per- 
spective essay on man's spiritual re- 
lationship with nature. Suggestions are 
offered foi materials and resources for 
establishing an economical camping 
therapy program. 

Dr. Livery, class of '57, is in private 
practice in Cortc Madera. 

Atlas of Hand Surgery, by Robert A. 
Chase. A I.D.. I3S panes. Published by 
Saundi rs. Philadelphia. 1973. 830. 

This is an authoritative atlas, illus- 
trated with fine drawings. It includes 
sections on fingertip injuries, skin and 
soil tissue losses, amputations, vascular 
reconstruction, nerve surgery, bone 
and joint reconstruction, reconstruction 
of the thumb, surgery of rheumatoid 
arthritis, and tendons, fascia, and 
muscles. 

DNA Synthesis, by Arthur Kornbcrfi. 
M l).. 399 panes. Published by W. II 
Tru man and Company. San Francisco. 
1971. SIS. 

Dr. Kombcrg, Mcrner professor of 
biochemistry at Stanford, presents a 
comprehensive treatment of DNA syn- 
thesis. emphasizing its biochemical 
rather than physiological aspects. It 
includes the topics of precursors, re- 
pair. recombination, restriction, and 
transenptio' . 

I he book is designed to serve stu- 
dents with a beginning interest in DNA 
synthesis, as well as those working di- 


rectly on the subject. It i« suitable as 
a text for graduate courses in mole- 
cular biology, biochemistry, cell bi- 
ology. biophy sics and molecular ge- 
netics. Illustrations include colored 
schemes and electron micrographs. 

Principles of Drug Action: The Basis 
of Pharmacology, 2nd edition, by Ac- 
rum Goldstein, M l).. Leteis Aronow, 
Pli I). and Sumner Kalman. M.D. Pub- 
lished by the lliomedieal-llealth Di- 
vision of John Wiley 6 Sons. 1974. 
$21.50. 

The second edition of this book is 
designed as a comprehensive volume 
for the uonspcciulist dealing with gen- 
eral pharmacologv. 

Authors are all professors of phar- 
macology at Stanford; Kalman is an 
alumnus, class of '51. 

Discussed are drug receptors and re- 
ceptor theory . time courses of drug ac- 
tion. onset and disappearance rates of 
drug effects, environmental poisons 
and mechanisms of antidotal action 
against ordinary poisons. The book ex- 
plains tin’ principles of drug action, ab- 
sorption. metabolism, distribution, tox- 
icity. and clinical use of drugs and 
evaluation ol drug effects and safety. 

I III 1 book is organized around syste- 
matic principles rather than drug fam- 
ilies or types of drug effect. It begins 
with drugs at the molecular-receptor 
level, proceeds to clinical trials. 

Computer Applications and Tech- 
niques in Clinical Medicine, by Her- 
bert R. I.udwin. I’li.D., 317 panes. 
Published by John Wilt y C' Sons. Inc., 
V. w York. 1971. SI 8.95. 

Dr. Ludwig introduces fundamental 
concepts and describes applications he 
has developed in the use ol computer 
technology in the clinical laboratory. 

He describes how to set up gen- 
eralized medical information systems, 
files, and records, with applications in 
blood banking, plastic surgery , and in- 
formation sy stems in the medical en- 
vironment. lb 1 also deals with how to 
retrieve and analyze specific param- 
eters of patient records. 

Dr. Ludwig is assistant professor of 
industrial engineering at Stanford. 
Since IW70 he has Im-cii associated with 
the Stanford Computation Outer, and 
has worked on a bone marrow report- 
ing system, a cleft palate retrieval and 
data analysis system, and an informa- 
linn system for the department of sur- 
gery. 

The larok is a volume in the Stanford 
series on Methods and Techniques in 
the Cluneal Lai (oratory, edited by 
l’aul L. Wolf. W 1).. formerly of the 
Stanford faculty. 
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Primary Can': Where Medicine 

Fails, iillli <1 by Syyro * Amin < >; x *r //< »v, 
~l~ i>tin i Published by John Wiley 
S,ms. 1971. $9.95. 

This new I rook focuses on the pres- 
ent lie.illli i;ire system — defining pri- 
mary care, anal; /ing the public's ac- 
eess to it, examining its economies, and 
determining slanilarils lor a better pri- 
mary care system. 

Based on (lie third symposium of the 
Sun Valle) Forum on National Health, 
the hook inelmles papers h> Or. Al- 
Iwrta Parker of VC-Berkeley, Or. 
Charles Lewis of I’C'I.A, Or. Stanley 
S. Bergen, Jr. of the Collette of Medi- 
cine and Dentistry of New Jersey , and 
Or. Kitten Day is of the Brookings In- 
stitution. Discussion In otliei forum 
participants is included. 

Antoni: the conclusions is that im- 
proved primary care sliotild l>e the fed- 
eral government's anil the medical pio- 
fession’s first prioiity for the health 
care delivery system. 

Andreopoulos is information olllcer 
of Stanford Cniversity Medical Center 
iind editor of Stanford SI .1). 

Deaths 

I. lnyd Blackwell Dickey, M.D.. emeri- 
tus professor of pediatrics. Died July 
IS. HIT I. in San Bul’acl at the ace of 
SO. A native of Wisconsin, Dr. Dickey 
moved to California in the early 1920’s 
to Become instructor and later profes- 
sor at Stanford, lie served as actinc 
head of the Department nl Pediatries 
for three separate terms, and was 
yyidely encaced for consultation in 
pediatries and tuberculosis in the Bay 
Area, hi a memorial resolution pre- 
pared In Drs M\ in II. Jacobs. Harold 
k. Taber. Hoy B. Cohn, and Hubert H. 
Alsvay, his associates remember that 
he yvas "Pop to his eolleacues and 
friends, and also to student doctors 
and nurses. . . . His early interest in 
/oology continued as an avocation w ith 
the Audtilron Society . . . making 
him a walking botanical encyclopedia, 
lie is remembered with alley tinn by 
generations ol Stanford medical and 
nursing students and mllcagues." 

II. de F. Shirley, M.l).. emeritus piofes- 
sor of pediatrics and psychiatry. Died 
Octobei 7. 1971. at Stanford I'nivcr- 
sits II mpitul after a long illness. lie 
yy.is 71. A pioneer in devclopinu child 
psychiatry as a medical specially. Dr. 
Shirley yy.is a leader in the field 
throughout his career, lie joined the 
faculty in 19.19 and served as director 
of the iliild psychiatry clinic until his 


retirement in 1971. lie became emeri- 
tus prolessor in 1900. The Hale Shirley 
Memorial Fund for child psychiatry 
has been established in the Department 
ol Psychiatry in Ins honor. 

Late notices: 

Trank H. Hearthm. M.D., Class of 
1911, of Sacramento. Died 1971. 
Donald C. Davy, M.D.. Class of 1920, 
of Sausulito. Died September I. 1971. 
James II. Hall. M.l).. < lass ol 1922. of 
Belmont. Died October 0. 1971. 

A. Carol McRcuncy, M.l).. Class of 
192'). of Pebble Beach. Died Septem 
her 17. 197-1. 

Joseph Dwight Wilson. M.l).. Class of 
1925. of Carmel. Dieil Novemlier 9. 
1973. 

Clctus S. Sullivan, M.l).. ('lass of 
1920, of San Jose. Died May II. 197-1. 
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